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© Nanbv diagnostics and vaccines. 



© A family of cDNA sequences derived from hepatitis C virus (HCV) are provided. These sequences encode 
antigens which react immunologically with antibodies present in individuals with non-A non-B hepatitis (NANBH). 
but which generally are absent from individuals infected with hepatitis A virus (HAV) or hepatitis B virus (HBV), 
and also are absent from control individuals. A comparison of these cDNA sequences with the sequences in 
Genebank. and with the sequences of hepatitis delta virus (HDV) and HBV shows a lack of substantial homology. 

^"A comparison of the sequences of amino acids * encoded in the cDNA with the sequences of Flaviviruses 

^indicates that HCV is a Flavivirus or Fiavi-like virus. 

CO 

The HCV cDNA sequences are useful for the design of polynucleotide probes, and for the synthesis of 
^polypeptides which may be used in immunoassays. Both the polynucleotide probes and the polypeptides may 
00 be useful for the diagnosis of HCV-induced NANBH, and for screening blood bank specimens and donors for 
IZHCV infection. In addition, these cDNA sequences may be useful for the synthesis of immunogenic polyp ptides 

which may be used in vaccines for the treatment, prophylactic and/or therapeutic, of HCV infection. Polypeptides 
O encoded within the cDNA sequences may also be used to raise antibodies against HCV antigens, and for the 

purification of antibodies directed against HCV antigens. These antibodies may be useful in immunoassays for 
LU detecting HCV antigens associated with NANBH in individuals, and in blood bank donations. Moreover, these 

antibodies may be used for treatment of NANBH in individuals. 

The reagents provided in the invention also enable the isolation of NANBH agent(s). and the propagation of 
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these agent(s) in tissue culture systems. Moreover, they provide reagents which are useful for screening for 
antiviral agents for HCV. particularly in tissue culture or animal model systems. 
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NANBV DIAGNOSTICS AND VACCINES 



Technical Field 

The invention relates to materials and methodologies for managing the spread of non-A, non-B hepatitis 
5 virus (NANBV) infection. More specifically, it relates to diagnostic DNA fragments, diagnostic proteins, 
diagnostic antibodies and protective antigens and antibodies for an etiologic agent of NANB hepatitis, i.e., 
hepatitis C virus. 
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Background Art 

Non-A. Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to 
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viral-induced, ana that are distinguishable from other forms of viral-associated liver diseases, including that 
caused by the known hepatitis viruses, i.e.. hepatitis A virus (HAV), hepatitis B virus (HBV), and delta 
hepatitis virus fHDV). as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus 
(EBV). NANBH was first identified in transfused individuals. Transmission from man to chimpanzee and 

5 serial passage in chimpanzees provided evidence that NANBH is due to a transmissible infectious agent or 
agents. However, the transmissible agent responsible for NANBH is still unidentified and the number of 
agents which are causative of the disease are unknown. 

Epidemiologic evidence is suggestive that there may be three types of NANBH: the water-borne 
epidemic type; the blood or needle associated type; and the sporadically occurring (community acquired) 

to type. However, the number of agents which may be the causative of NANBH are unknown. 

Clinical diagnosis and identification of NANBH has been accomplished primarily by exclusion of other 
viral markers. Among the methods used to detect putative NANBV antigens and antibodies are agar-gei 
diffusion, counterimmunoelectrophoresis, immunofluorescence microscopy, immune electron microscopy, 
radioimmunoassay, and enzyme-linked immunosorbent assay. However, none of these assays has proved 

75 to be sufficiently sensitive, specific, and reproducible to be used as a diagnostic test for NANBH. 

Until now there has been neither clarity nor agreement as to the identity or specificity of the antigen 
antibody systems associated with agents of NANBH. This is due, at least in part, to the prior or co-infection 
of HBV with NANBV in individuals, and to the known complexity of the soluble and particulate antigens 
associated with HBV, as well as to the integration of HBV DNA into the genome of liver cells. In addition, 

20 there is the possibility that NANBH is caused by more than one infectious agent, as well as the possibility 
that NANBH has been misdiagnosed. Moreover, it is unclear what the serological assays detect in the 
serum of patients with NANBH. It has been postulated that the agar-gel diffusion and counterimmunoelec- 
trophoresis assays detect autoimmune responses or non-specific protein interactions that sometimes occur 
between serum specimens, and that they do not represent specific NANBV.antigen-antibody reactions. The 

25 immunofluorescence, and enzyme-linked immunosorbent, and radioimmunoassays appear to detect low 
levels of a rheumatoid-factor-like material that is frequently present in the serum of patients with NANBH as 
well as in patients with other hepatic and nonhepatic diseases. Some of the reactivity detected may 
represent antibody to host-determined cytoplasmic antigens. 

There are a number of candidate NANBV. See. for example the reviews by Prince (1983). Feinstone 

30 and Hoofnagte (1984), and Overby (1985. 1986. 1987) and the article by Iwarson (1987). However, there is 
no proof that any of these candidates represent the etiological agent of NANBH. 

The demand for sensitive, specific methods for screening and identifying carriers of NANBV and 
NANBV contaminated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in 
approximately 10% of transfused patients, and NANBH accounts for up to 90% of these cases. The major 

35 problem in this disease is the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by' 
close personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and 
antibodies related to NANBV. In addition, there is also a need for effective vaccines and immunotherapeutic 
therapeutic agents for the prevention and/or treatment of the disease. 

40 

Disclosure of the Invention 

The invention pertains to the isolation and characterization of a newly discovered etiologic agent of 
45 NANBH, hepatitis C virus (HCV). More specifically, the invention provides a family of cDNA replicas of 
portions of HCV genome. These cDNA replicas were isolated by a technique which included a novel step of 
screening expression products from cDNA libraries created from a particulate agent in infected tissue with 
sera from patients with NANBH to detect newly synthesized antigens derived from the genome of the 
heretofore unisolated and uncharacterized viral agent, and of selecting clones which produced products 
so which reacted immunologically "only with sera from infected individuals as compared to non-infected 
individuals. 

Studies of the nature of the genome of the HCV. utilizing probes derived from the HCV cDNA, as well 
as sequence information contained within the HCV cDNA, are suggestive that HCV is a Flavivirus or a Ravi- 
like virus. 

55 ■ Portions of the cDNA sequences derived from HCV are useful as probes to diagnose the presence of 
virus in samples, and to isolate naturally occurring variants of the virus. These cDNAs also make available 
poly peptide, sequences of HCV antigens encoded within the -HCV genome(s) and permits the production of 
polypeptides which are useful as standards or reagents in diagnostic tests and/or as components of 
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vaccines. Antibodies, both polyclonal and monoclonal, directed against HCV epitopes contained within these 
polypeptide sequences are also useful for diagnostic tests, as therapeutic agents, for screening of antiviral 
agents, and for the isolation of the NANBV agent from which these cDNAs derive. In addition, by utilizing 
probes derived from these cDNAs it is possible to isolate and sequence other portions of the HCV genome. 
5 thus giving rise to additional probes and polypeptides which are useful in the diagnosis and/or treatment, 
both prophylactic and therapeutic, of NANBH. 

Accordingly with respect to polynucleotides, some aspects of the invention are: a purified HCV 
polynucleotide; a recombinant HCV polynucleotide; a recombinant polynucleotide comprising a sequence 
derived from an HCV genome or from HCV cDNA; a recombinant polynucleotide encoding an epitope of 
w HCV; a recombinant vector containing the any of the above recombinant polynucleotides, and a host cell 
transformed with any of these vectors. 

Other aspects of the invention are: a recombinant expression system comprising an open reading frame 
(ORF) of DNA derived from an HCV genome or from HCV cDNA. wherein the ORF is operably linked to a 
control sequence compatible with a desired host, a cell transformed with the recombinant expression 
15 system, and a polypeptide produced by the transformed cell. 

Still other aspects of the invention are: purified HCV, a preparation of polypeptides from the purified 
HCV; a purified HCV polypeptide; a purified polypeptide comprising an epitope which is immunologically 
identifiable with an epitope contained in HCV. 

Included aspects of the invention are a recombinant HCV polypeptide; a recombinant polypeptide 
20 comprised of a sequence derived from an HCV genome or from HCV cDNA; a recombinant polypeptide 
comprised of an HCV epitope; and a fusion polypeptide comprised of an HCV polypeptide. 

Also included in the invention are a monoclonal antibody directed against an HCV epitope; and a 
purified preparation of polyclonal antibodies directed against an HCV epitope. 

Another aspect of the invention is a particle which is immunogenic against HCV infection comprising a 
25 non-HCV polypeptide having an amino acid sequence capable of forming a particle when said sequence is 
produced in a eukaryotic host, and an HCV epitope. 

Still another aspect of the invention is a polynucleotide probe for HCV. 

Aspects of the invention which pertain to kits are those for: analyzing samples for the presence of 
polynucleotides derived from HCV comprising a polynucleotide probe containing a nucleotide sequence 

30 from HCV of about 8 or more nucleotides, in a suitable container; analyzing samples for the presence of an 
HCV antigen comprising an antibody directed against the HCV antigen to be detected, in a suitable 
container; analyzing samples for the presence of an antibodies directed against an HCV antigen comprising 
a polypeptide containing an HCV epitope present in the HCV antigen, in a suitable container. 

Other aspects of the invention are: a polypeptide comprised of an HCV epitope, attached . to a solid 

35 substrate; and an antibody to an HCV epitope, attached to a solid substrate. 

Still other aspects of the invention are: a method for producing a polypeptide containing an HCV 
epitope comprising incubating host cells transformed with an expression vector containing a sequence 
encoding a polypeptide containing an HCV epitope under conditions which allow expression of said 
polypeptide; and a polypeptide containing an HCV epitope produced by this method. 

40 The invention also includes a method for detecting HCV nucleic acids in a sample comprising reacting 
nucleic acids of the sample with a probe for an HCV polynucleotide under conditions which allow the 
formation of a polynucleotide duplex between the probe and the HCV nucleic acid from the sample; and 
detecting a polynucleotide duplex which contains the probe. 

Immunoassays are also included in the invention. These include an immunoassay for detecting an HCV 

45 antigen comprising incubating a sample suspected of containing an HCV antigen with a probe antibody 
directed against the HCV antigen to be detected under conditions which allow the formation of an antigen- 
antibody complex; and detecting an antigen-antibody complex containing the probe antibody. An im- 
munoassay for detecting antibodies directed against an HCV antigen comprising incubating a sample 
suspected of containing anti-HCV antibodies with a probe polypeptide which contains an epitope of the * 

so HCV, under conditions whi^ allow th^to^ d etectin g the_ 

antibody-antigen complex containing the probe antigen. 

Also included in the invention are vaccines for treatment of HCV infection comprising an immunogenic 
peptide containing an HCV epitope, or an inactivated preparation of HCV, or an attenuated preparation of 
HCV. 

55 Another asp ct of the invention is a tissue culture grown cell infected with HCV. 

Yet another aspect of the invention is a method for producing antibodies to HCV comprising administer- 
ing to an individual an isolated immunogenic polypeptide containing an HCV epitope in an amount sufficient 
to produce an immune response. 
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Still another aspect of the invention is a method for isolating cDNA derived from the genome of an 
unidentified infectious agent, comprising: (a) providing host cells transformed with expression vectors 
containing a cDNA library prepared from nucleic acids isolated from tissue infected with the agent and 
growing said host cells under conditions which allow expression of polypeptide(s) encoded in the cDNA; (b) 

5 interacting the expression products of the cDNA with an antibody containing body component of an 
individual infected with said infectious agent under conditions which allow an immunoreaction. and detecting 
antibody-antigen complexes formed as a result of the interacting; (c) growing host cells which express 
polypeptides that form antibody-antigen complexes in step (b) under conditions which allow their growth as 
individual clones and isolating said clones; (d) growing cells from the clones of (c) under conditions which 

70 allow expression of polypeptide(s) encoded within the cDNA, and interacting the expression products with 
antibody containing body components of individuals other than the individual in step (a). who are infected 
with the infectious agent and with control individuals uninfected with the agent, and detecting antibody- 
antigen complexes formed as a result of the interacting; (e) growing host cells which express polypeptides 
that form antibody-antigen complexes with antibody containing body components of infected individuals and 

is individuals suspected of being infected, and not with said components of control individuals, under 
conditions which allow their growth as individual clones and iso.lating said clones; and (f) isolating the cDNA 
from the host cell clones of (e). 



20 Brief Description of the Drawings 

Fig. 1 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 5-1-1. and 
the putative amino acid sequence of the polypeptide encoded therein. 

Fig. 2 shows the homologies of the overlapping HCV cDNA sequences in clones 5-1-1. 81. 1-2, and 

25 91. 

Fig. 3 shows a composite sequence of HCV cDNA derived from overlapping clones 81, 1-2. and 91, 
and the amino acid sequence encoded therein. 

Fig. 4 shows the double-stranded nucleotide sequence of the HCV cDNA insert in clone 81. and the 
putative amino acid sequence of the polypeptide encoded therein. 
30 Fig. 5 shows the HCV cDNA sequence in clone 36, the segment which overlaps the NANBV cDNA of 

clone 81. and the polypeptide sequence encoded within clone 36. 

. Fig. 6 shows the combined ORF of HCV cDNAs in clones 36 and 81. and the polypeptide encoded 
therein. 

Fig. 7 shows the HCV cDNA sequence in clone 32, the segment which overlaps clone 81, and the 
35 polypeptide encoded therein. 

Fig. 8 shows the HCV cDNA sequence in clone 35. the segment which overlaps clone 36. and the 
polypeptide encoded therein. 

Fig. 9 shows the combined ORF of HCV cDNAs in clones 35. 36, 81, and 32, and the polypeptide 
encoded therein. 

40 Fig. 10 shows the HCV cDNA sequence in clone 37b, the segment which overlaps clone 35, and the 

polypeptide encoded therein. 

Fig. 1 1 shows the HCV cDNA sequence in clone 33b. the segment which overlaps clone 32, and the 
polypeptide encoded therein. / 

Fig. 12 shows the HCV cDNA sequence in clone 40b, the segment which overlaps clone 37b. and the 
45 polypeptide encoded therein. 

Fig. 13 shows the HCV cDNA sequence in clone 25c, the segment which overlaps clone 33b, and the 
polypeptide encoded therein. 

Fig. 14 shows the nucleotide sequence and polypeptide encoded therein of the ORF which extends 
through the HCV cDNAs in clones 40b, 37b, 35, 36, 81, 32, 33b. and 25c. 
so Fig. 15 shows the HCV cDNA sequence in clone 33c. the segment which overlaps clones 40b and 

33c. and the amino acids encoded therein. 

Fig. 16 shows the HCV cDNA sequence in clone 8h, the segment which overlaps clone 33c. and the 
amino acids encoded therein. 

Fig. 17 shows the HCV cDNA sequenc in clone 7e, the segment which overlaps clone 8h, and the 
55 amino acids encoded therein. 

Fig. 18 shows the HCV cDNA sequence in clone 14c. the segment which overlaps clone 25c, and the 
amino acids encoded therein. 



7 



EP 0 318 216 A1 



Fig. 19 shows the HCV cDNA sequence in clone 8f. the segment which overlaps clone 14c. and the 
amino acids encoded therein. 

Fig. 20 shows the HCV cDNA sequence in clone 33f. the segment which overlaps clone 8f. and the 
amino acids encoded therein. 
5 Fig. 21 shows the HCV cDNA sequence in clone 33g, the segment which overlaps clone 33f, and the 

amino acids encoded therein. 

Fig. 22 shows the HCV cDNA sequence in clone 7f, the segment which overlaps the sequence in 
clone 7e, and the amino acids encoded therein. 

Fig. 23 shows the HCV cDNA sequence in clone 11b, the segment which overlaps the sequence in 
70 clone 7f, and the amino acids encoded therein. 

Fig. 24 shows the HCV cDNA sequence in clone Ui, the segment which overlaps the sequence in 
clone 11b. and the amino acids encoded therein. 

Fig. 25 shows the HCV cDNA sequence in clone 39c. the segment which overlaps the sequence in 
clone 33g. and the amino acids encoded therein. 
/5 Fig; 26 shows a composite HCV cDNA sequence derived from the aligned cDNAs in clones 14i, 11b, 

7f, 7e. 8h. 33c 40b 37b 35 36. 81, 32, 33b. 25c. 14c. 8f, 33f, 33g and 39c also shown is the amino acid 
sequence of the polypeptide encoded in the extended ORF in the derived sequence. 

Fig. 27 shows the sequence of the HCV cDNA in clone I2f. the segment which overlaps clone I4i, 
and the amino acids encoded therein. 
20 Fig. 28 shows the sequence of the HCV cDNA in clone 35f, the segment which overlaps clone 39c, 

and the amino acids encoded therein. 

Fig. 29 shows the sequence of the HCV cDNA in clone 19g. the segment which overlaps clone 35f. 
and the amino acids encoded therein. 

Fig. 30 shows the sequence of clone 26g, the segment which overlaps clone 19g. and the amino 
25 acids encoded therein. 

Fig. 31 shows the sequence of clone 15e. the segment which overlaps clone 26g, and the amino 
acids encoded therein. 

Fig. 32 shows the sequence in a composite cDNA, which was derived by aligning clones l2f through 
15e in the 5 to 3 direction; it also shows the amino acids encoded in the continuous ORF. 
30 Fig. 33 shows a photograph of Western blots of a fusion protein, SOO-NANBs-i-^. with chimpanzee 

serum from chimpanzees infected with BB-NANB, HAV, and HBV. 

Fig. 34 shows a photograph of Western blots of a fusion protein, SOD-NANB5-1-1; with serum from 
humans infected with NANBV. HAV, HBV. and from control humans. 

Fig. 35 is a map showing the significant features of the vector pAB24. 
35 Ftg. 36 shows the putative amino acid sequence of the carboxy-terminus of the fusion polypeptide 

C 100-3 and the nucleotide sequence encoding it. 

Fig. 37A is a photograph of a coomassie blue stained polyacrylamide gel which identifies C100-3 
expressed in yeast 

Fig. 37B shows a Western blot of C100-3 with serum from a NANBV infected human. 
40 Fig. 38 shows an autoradiograph of a Northern blot of RNA isolated from the liver of a BB-NANBV 

infected chimpanzee, probed with BB-NANBV cDNA of clone 81. 

Fig. 39 shows an autoradiograph of NANBV nucleic acid treated with RNase A or DNase I, and 
probed with BB-NANBV cDNA of clone 81. 

Fig. 40 shows an autoradiograph of nucleic acids extracted from NANBV particles captured from 
45 infected plasma with anti-NANB 5 -i -1 . and probed with 32 P-labeled NANBV cDNA from clone 81. 

Fig. 41 shows autoradiography of filters containing isolated NANBV nucleic acids, probed with 32 P- 
labeled plus and minus strand DNA probes derived from NANBV cDNA in clone 81 . 

Fig. 42 shows the homologies between a polypeptide encoded in HCV cDNA and an NS protein from 
Dengue flavivirus. 

so . Fig. 43 shows a histogram of the distrib ution of H CV in f ection in ra ndom sa mples, as determine d b y 

an ELISA screening. 

Fig. 44 shows a histogram of the distribution of HCV infection in random samples using two 
configurations of immunoglobulin-enzyme conjugate in an ELISA assay. 

Fig. 45 shows the sequences in a primer mix, derived from a conserved sequ nc in NS1 of 
55 flaviviruses. 

Fig. 46 shows the HCV cDNA sequence in clone k9-i. the segments which overlaps the cDNA in Fig. 
26. and the amino acids encoded therein. 
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Fig. 47 shows the sequence in a composite cDNA which was derived by aligning clones k9-1 through 
I5e in the 5 to 3 direction; it also showa the amino acids encoded 'n the continuous ORF. 



5 Modes for Carrying Out the Invention 



I. Definitions 

jo The term "hepatitis C virus" has been reserved by workers in the field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, hepatitis C virus" (HCV) refers to an agent causitive 
of NANBH. which was formerly referred to as NANBV and/or BB-NANBV. The terms HCV, NANBV. and BB- 
NANBV are used interchangeably herein. As an extension of this terminology, the disease caused by HCV, 
formerly called NANB hepatitis. (NANBH), is called hepatitis C. The terms NANBH and hepatitis C may be 

15 used interchangeably herein. 

The term "HCV, as used herein, denotes a viral species which causes NANBH, and attenuated strains 
or defective. interfering particles derived therefrom. As shown infra., the HCV genome is comprised of RNA. 
It is known that RNA containing viruses have relatively high rates of spontaneous mutation, i.e.. reportedly 
on the order of 10~ 3 to 10~* per nucleotide (Fields & Knipe (1986)). Therefore, there are multiple strains 

20 within the HCV species described infra. The compositions and methods described herein, enable the 
propagation, identification, detection, and isolation of the various related strains. Moreover, they also allow 
the preparation of diagnostics and vaccines for the various strains, and have utility in screening procedures 
for anti-viral agents for pharmacologic use in that they inhibit replication of HCV. 

The information provided herein, although derived from one strain of HCV, hereinafter referred -to as 

25 CDC/HCV1, is sufficient to allow a viral taxonomist to identify other strains which fall within the species. As 
described herein, we have discovered that HCV is a Flavivirus or Flavi-like virus. The morphology and 
composition of Flavivirus particles are known, and are discussed in Brinton (1986). Generally, with respect 
to morphology, Flaviviruses contain a central nucleocapsid surrounded by a lipid bilayer. Virions are 
spherical and have a diameter of about 40-50 nm. Their cores are about 25-30 nm in diameter. Along the 

30 outer surface of the virion envelope are projections that are about 5-10 nm long with terminal knobs about 2 - 
nm in diameter. 

HCV encodes an epitope which is immunologically identifiable with an epitope in the HCV genome from 
which the cDNAs described herein are derived; preferably the epitope is encoded in a cDNA described 
herein. The epitope is unique to HCV when compared to other known Flaviviruses. The uniqueness of the 

35 epitope may be determined by its immunological reactivity with HCV and lack of immunological reactivity 
with other Flavivirus species. Methods for determining immunological reactivity are known in the art. for 
example, by radioimmunoassay, by Elisa assay, by hemagglutination, and several examples of suitable 
techniques for assays are provided herein. 

In addition to the above, the following parameters are applicable, either alone or in combination, in 

40 identifying a strain as HCV. Since HCV strains are evolutionarily related, it is expected that the overall 
homology of the genomes at the nucleotide level will be about 40% or greater, preferably about 60% or 
greater, and even more preferably about 80% or greater; and in addition that there will be corresponding 
contiguous sequences of at least about 13 nucleotides. The correspondence between the putative HCV 
strain genomic sequence and the CDC/CHI HCV cDNA sequence can be determined by techniques known 

45 in the art. For example, they can be determined by a direct comparison of the sequence information of the 
polynucleotide from the putative HCV. and the HCV cDNA sequence(s) described herein. For example, also, 
they can be determined by hybridization of the polynucleotides under conditions which form stable 
duplexes between homologous regions (for example, those which would be used prior to Si digestion), 
followed by digestion with single stranded specific nuclease(s), followed by size determination of the 

so digested fragments. 

Because of the evolutionary relationship of the strains of HCV. putative HCV strains are identifiable by 
their homology at the polypeptide level. Generally. HCV strains are more than about 40% homologous, 
preferably more than about 60% homologous, and even more preferably more than about 80% homologous 
at the polypeptide level. The techniques for determining amino acid sequence homology ar known in the 
55 an. For example, the amino acid sequence may be determined directly and compared to the sequences 
provided herein. For example also, the nucleotide sequence of the genomic material of the putative HCV 
may be determined (usually via a cDNA intermediate); the amino acid sequence encoded therein can be 
determin d, and the corresponding regions compared. 

9 
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As used herein, a polynucleotide "derived from" a designated sequence, for example the HCV cDNA 
particularly those exemplified in Figs. 1-32. or from an HCV genome, refers to a polynucleotide sequence 
which is compnsed of a sequence of approximately at least about 6 nucleotides, is preferably at least about 
8 nucleotides, is more preferably at least about 10-12 nucleotides, and even more preferably at least about 
15-20 nucleotides corresponding, i.e.. homologous to or complementary to. a region of the designated 
nucleotide sequence. Preferably, the sequence of the region from which the polynucleotide is derived is 
homologous to or complementary to a sequence which is unique to an HCV genome. Whether or not a 
sequence is unique to the HCV genome can be determined by techniques known to those of skill in the art 
For example, the sequence can be compared to sequences in databanks, e.g.. Genebank. to determine 
whether it is present in the uninfected host or other organisms. The sequence can also be compared to the 
known sequences of other viral agents, including those which are known to induce hepatitis, e.g.. HAV 
HBV. and HDV. and to other members of the Flaviviridae. The correspondence or non-correspondence of 
the derived sequence to other sequences can also be determined by hybridization under the appropriate 
stringency conditions. Hybridization techniques for determining the complementarity of nucleic acid se- 
quences are known in the art, and are discussed infra. See also, for example. Maniatis et al. (1982). In 
addition, mismatches of duplex polynucleotides formed by hybridization can be determined by known 
techmques. including for example, digestion with a nuclease such as S1 that specifically digests single- 
stranded areas in duplex polynucleotides. Regions from which typical DNA sequences may be "derived" 
include but are not limited to. for example, regions encoding specific epitopes, as well as non-transcribed 
and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown 
but may be generated in any manner, including for example, chemical synthesis or DNA replication or 
reverse transcription or transcription, which are based on the information provided by the sequence of 
bases in the region(s) from which the polynucleotide is derived. In addition, combinations of regions 
corresponding to that of the designated sequence may be modified in ways known in the art to be 
consistent with an intended use. 

Similarly, a polypeptide or amino acid sequence "derived from" a designated nucleic acid sequence 
for example, the sequences in Figs. 1-32. or from an HCV genome, refers to a polypeptide having an amino 
acd sequence identical to that of a polypeptide encoded in the sequence, or a portion thereof wherein the 
portion cons.sts of at least 3-5 amino acids, and more preferably at least 8-10 amino acids, and even more 
preferably at least 11-15 ammo acids, or which is immunologically identifiable with a polypeptide encoded 
in the sequence. 

A recombinant or derived polypeptide is not necessarily translated from a designated nucleic acid 
sequence, for exanple, the sequences in Figs. 1-32. or from an HCV genome; it may be generated in any 
manner, including for example, chemical synthesis, or expression of a recombinant expression system, or 
isolation from mutated HCV. 

The term "recombinant polynucleotide" as used herein intends a polynucleotide of genomic cDNA 
semisynthetic, or synthetic origin which, by virtue of its origin or manipulation: (1) is not associated with all 
or a portion of the polynucleotide with which it is associated in nature or in the form of a library; and/or (2) 
is linked to a polynucleotide other than that to which it is linked in nature. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length either 
ribonucleotides or deoxyribonucleotides. This term refers only to the primary structure of the molecule 
Thus, this term includes double- and single-stranded DNA. as well as double- and single stranded RNA It 
also includes, modified, for example, by methylation and/or by capping, and unmodified forms of the 
polynucleotide. 

As used herein, the term "HCV containing a sequence corresponding to a cDNA" means that the HCV 
contains a polynucleotide sequence which is homologous to or complementary to a sequence in the 
des.gnated DNA; the degree of homology or complementarity to the cDNA will be approximately 50% or 
greater. w,ll preferably be at least about 70%. and even more preferably will be at least about 90% The 
sequences which correspond will be at least about 70 nucleotides, preferably at least about 80 nucleotides 
_and_even_more-preferably-at-least about-90nucleotides in length: The^^eipondeTTc^betweeTTthe^ HCV" 
sequence and th cDNA can be determined by techniques known in the art. including, for example, a dir ct 
comparison of the sequenced material with the cDNAs described, or hybridization and digestion with single 
strand nucleases, followed by size determination of the digested fragments. 

The term "purified of viral polynucleotide" refers to an HCV genome or fragment thereof which is 
essentially free. i.e.. contains less than about 50%. preferably less than about 70%. and even more 
pref raoly less than about 90% of polypeptides with which the viral polynucleotide is naturally associated 
Techniques for purifying viral polynucleotides from viral particles are known in the art. and include for 
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example, disruption of the panicle with a chaotropic agent, and separation of the polynucleotide(s) and 
polypeptides by ion-exchange chromatography, affinity chromatography, and sedimentation according to 
density. 

The term "purified viral polypeptided" refers to, an HCV polypeptide or fragment thereof which is 
5 essentially free, i.e., contains less than about 50% f preferably less than about 70%, and even more 
preferably less than about 90%. of cellular components with which the viral polypeptide is naturally 
associated. Techniques for purifying viral polypeptides are known in the art. and examples of these 
techniques are discussed infra. 

"Recombinant host cells", "host cells", "cells", "cell lines", "cell cultures:, and other such terms 
w denoting microorganisms or higher eukaryotic cell lines cultured as unicellular entities refer to cells which 
can be, or have been, used as recipients for recombinant vector or other transfer DNA. and include the 
progeny of the original cell which has been transfected. It is understood that the progeny of a single 
parental cell may not necessarily be completely identical in morphology or in genomic or total DNA 
complement as the original parent, due to accidental or deliberate mutation. Progeny of the parental cell 

15 which are sufficiently similar to the parent to be characterized by the relevant property, such as the 
presence of a nucleotide sequence encoding a desired peptide, are included in the progeny intended by 
this definition, and are covered by the above terms. 

A "replicon" is any genetic element, e.g., a plasmid. a chromosome, a virus, that behaves as an 
autonomous unit of polynucleotide replication within a cell;, i.e.. capable of replication under its own control. 

20 A "vector" is a replicon in which another polynucleotide segment is attached, so as to bring about the 
replication and/or expression of the attached segment. 

"Control sequence" refers to polynucleotide sequences which are necessary to effect the expression of 
coding sequences to which they are ligated! The nature of such control sequences differs depending upon 
the host organism; in prokaryotes, such control sequences generally include promoter, ribosomal binding 

25 site, and terminators; in eukaryotes, generally, such control sequences include promoters, terminators and. 
in some instances, enhancers. The term "control sequences" is intended to include, at a minimum, all 
components whose presence is necessary for expression, and may also include additional components 
whose presence is advantageous, for example, leader sequences. 

"Operably linked" refers to a juxtaposition wherein the components so described are in a relationship 

30 permitting them to function in their intended manner. A control sequence "operably linked" to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved under conditions 
compatible with the control sequences. 

An "open reading frame" (ORF) is a region of a polynucleotide sequence which encodes a polypeptide; 
this region may represent a portion of a coding sequence or a total coding sequence. 

35 A "coding sequence" is a polynucleotide sequence which is transcribed into mRNA and/or translated 
into a polypeptide when placed under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a translation start codon at the 5 -terminus and a translation stop 
codon at the 3 -terminus. A coding sequence can include, but is not limited to mRNA, cDNA, and 
recombinant polynucleotide sequences. 

40 "Immunologically identifiable with/as" refers to the presence of epitope(s) and polypeptides(s) which are 
also present in and are Unique to the designated polypeptide(s). usually HCV proteins. Immunological 
identity may be determined by antibody binding and/or competition in binding; these techniques are known 
to those of average skill in the art. and are also illustrated infra. The uniqueness of an epitope can also be 
determined by computer searches of known data banks, e.g. Genebank, for the polynucleotide sequences 

45 which encode the epitope, and by amino acid sequence comparisons with other known proteins. 

As used herein, "epitope" refers to an antigenic determinant of a polypeptide; an epitope could 
comprise 3 amino acids in a spatial conformation which is unique to the epitope, generally an epitope 
consists of at least 5 such amino acids, and more usually, consists of at least 8-10 such amino acids. 
Methods of determining the spatial conformation of amino acids are known in the art. and include, for 

so example, x-ray crystallography and 2-dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to 
antibody recognition of a specific epitope contained within the polypeptide. Immunological reactivity may be 
determined by antibody binding, more particularly by the kinetics of antibody binding, and/or by competition 
in binding using as competitor(s) a known polypeptide(s) containing an epitope against which the antibody 

55 is directed. The techniques for determining whether a polypeptide is immunologically reactive with an 
antibody are known in the art. 

As used herein, the term "immunogenic polypeptide containing an HCV epitope" incluaes naturally 
occurring HCV polypeptides or fragments thereof, as well as polypeptides prepared by other means, for 
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example, chemical synthesis, or the expression of the polypeptide in a recombinant organism 

The term "polypeptide" refers to a molecular chain of amino acids and does not refer to a specific 

length of the product: thus, peptides, oligopeptides, and proteins are included within the definition of 

polypeptide. Th.s term also does not refer to post-expression modifications of the polypeptide, for example 

glycosylates, acetylations. phosphorylations and the like. 

"Transformation", as used herein, refers to the insertion of an exogenous polynucleotide into a host cell 

irrespective of the method used for the insertion, for example, direct uptake, transduction, or f-mating The 

exogenous polynucleotide may be maintained as a non-integrated vector, for example, a plasmid or 

alternatively, may be integrated into the host genome. 

"Treatment" as used herein refers to prophylaxis and/or therapy. 

An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species 
and includes but is not limited to domestic animals, sports animals, primates, and humans. 

As used herein, the "plus strand" of a nucleic acid contains the sequence that encodes the polypeptide 
The "minus strand" contains a sequence which is complementary to that of the "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or 
DNA. is single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA 
viruses mclude Togaviridae. Coronaviridae. Retroviridae. Picornaviridae. and Caliciviridae. Included also are 
the Flavivindae. which were formerly classified as Togaviradae. See Fields & Knipe (1986). 

As used herein, "antibody containing body component" refers to a component of an individual's body 
which is a source of the antibodies of interest. Antibody containing body components are known in the art 
and include but are not limited to. for example, plasma, serum, spinal fluid, lymph fluid, the external 
sections of the resp.ratory. intestinal, and genitourinary tracts, tears, saliva, milk, white blood cells and 
myelomas. 

As used herein, "purified HCV" refers to a preparation of HCV which has been isolated from the cellular 
constituents w.th which the virus is normally associated, and from other types of viruses which may be 
present in the infected tissue. The techniques for isolating viruses are known to those of skill in the art and 
include, for example, centrifugation and affinity chromatography: a method of preparing purified HCV is 
discussed infra. 



]L Description of the Invention 

The practice of the present invention will employ, unless otherwise indicated, conventional techniques 
of molecular biology, microbiology, recombinant DNA. and immunology, which are within the skill of the art 
^nM^ A q f S D r explained ,ul| y in tne literat ^- See e.g.. Maniatis. Rtsch & Sambrook. MOLECULAR 
o^rn^nf c ^ A o T ° RY MANUAL (1982): ° NA C "l5N'NG. VOLUMES I AND II (D.N Glover ed. 1985): 
OL GONUCLEOT.DE SYNTHESIS (M.J. Gait ed. 19 84); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & 

f^'MA? 9 ^,^ 1984): TRANSCRIPTi0N AND TRANSLATION (B.D. Hames & S.J. Higgins eds. 1984)- 
ioi!r! d f u CULTURE (R L Fr eshney ed. 1986); IMMOBILIZED CELLS AND ENZYMES (IRL Press. 
ENZYMn. or? / ; RACTICAL GU,DE T0 MOLECULAR CLONING (1984): the series. METHODS IN 
ENZYMOLOGY (Academic Press. Inc.): GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (JH 
Miner and M.P^Calos eds. 1987. Cold Spring Harbor Laboratory). Methods in Enzymology Vol. 154 and Vol 
M«^unnc,M Gr °^ an ' and Wu - eds - respectively). Mayer and Walker, eds. (1987). IMMUNOCHEMICAL 
AN ° M0LECULAR B,0L0GY Academic Press. London,. Scopes. (1987). PROTEIN 

op iSS2S«t PR,NC,PLES AN ° PRACT ' CE - SeCOnd Edition (SP"n9er-Ver'ag. N Y.), and HANDBOOK 
OF EXPERIMENTAL IMMUNOLOGY. VOLUMES l-IV (D.M. Weir and C. C. Blackwe.l eds 1986) 

All patents, patent applications, and publications mentioned herein, both supra and infra, are hereby 
incorporated herein by reference. 

The useful materials and processes of the present invention are made possible by the provision of a 
^'y_of closelyjwmologous nucleotide sequences isolated from a-cDNA-library-derived-from-nucleic-acid- 
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sequences present ,n the plasma of an HCV infected chimpanzee. This family of nucleotide sequences is 
not of human or chimpanzee origin, since it hybridizes to neither human nor chimpanzee genomic DNA 
from uninfected individuals, since nucleotides of this family of sequences are present only in liver and 
plasma of chimpanzees with HCV infection, and since the sequence is not present in Genebank. In addition, 
tne family of sequences shows no significant homology to sequences contained within the HBV genome 

rpsnlnn f eqUen ,n D r! 006 member °' the ,amily - contain d wi,f ? in clone ^ one continuous open 

nJTw * Whi ° h enCOdeS 3 P°'yP e P tide °' approximately 50 amino acids. Sera from HCV 

infected humans contain antibodies which bind to this polypeptide, whereas sera from non-infected humans 
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do not contain antibodies to this polypeptide. Finally, wnereas the sera from uninfected chimpanzees ao not 
contain antibodies to this polypeptide, the antibodies are induced in chimpanzees following acute NANBH 
infection. Moreover, antibodies to this polypeptide are not detected in chimps and humans infected with 
HAV and HBV. By these criteria the sequence is a cDNA to a viral sequence, wherein the virus causes or is 

5 associated with NANBH; this cDNA sequence is shown in Fig. 1. As discussed infra, the cDNA sequence in 
clone 5-1-1 differs from that of the other isolated cDNAs in that it contains 28 extra base pairs. 

A composite of other identified members of the cDNA family, which were isolated using as a probe a 
synthetic sequence equivalent to a fragment of the cDNA in clone 5-1-1, is shown in Fig. 3. A member of 
the cDNA family which was isolated using a synthetic sequence derived from the cDNA in clone 81 is 

w shown in Fig. 5, and the composite of this sequence with that of clone 81 is shown in Fig. 6. Other 
members of the cDNA family, including those present in clones 12f, I4i. 1 1b. 7f, 7e, 8h. 33c. 40b. 37b. 35. 
36. 81, 32. 33b, 25c, 14c. 8f, 33f. 33g, 39c, 35f. 19g. 26g and 15e are described in Section IV.A. A 
composite of the cDNAs in these clones is described in Section IV.A. 19, and shown in Fig. 32. The 
composite cDNA shows that it contains one continuous ORF. and thus encodes a polyprotein. This data is 

75 consistent with the suggestion, discussed infra., that HCV is a Flavivirus or fiavi-like virus. 

The availability of this family of cDNAs shown in Figs. 1-32. inclusive, permits the construction of DNA 
probes and polypeptides useful in diagnosing NANBH due to HCV infection and in screening blood donors 
as well as donated blood and blood products for infection. For example, from the sequences it is possible to 
synthesize DNA oligomers of about 8-10 nucleotides, or larger, which are useful as hybridization probes to 

20 detect the presence of the viral genome in, for example, sera of subjects suspected of harboring the virus, 
or for screening donated blood for the presence of the virus. The family of cDNA sequences also allows the 
design and production of HCV specific polypeptides which are useful as diagnostic reagents for the 
presence of antibodies raised during NANBH. Antibodies to purified polypeptides derived from the cDNAs 
may also be used to detect viral antigens in infected individuals and in blood. 

25 Knowledge of these cDNA sequences also enable the design and production of polypeptides which 
may be used as vaccines against HCV and also for the production of antibodies, which in turn may be used 
for protection against the disease, and/or for therapy of HCV infected individuals. 

Moreover, the family of cDNA sequences enables further characterization of the HCV genome. 
Polynucleotide probes derived from these sequences may be used to screen cDNA libraries for additional 

30 overlapping cDNA sequences, which, in turn, may be used to obtain more overlapping sequences. Unless 
the genome is segmented and the segments lack common sequences, this technique may be used to gain 
the sequence of the entire genome. However, if the genome is segmented, other segments of the genome 
can be obtained by repeating the lambda-gt1 1 serological screening procedure used to isolate the cDNA 
clones described herein, or alternatively by isolating the genome from purified HCV particles. 

35 The family of cDNA sequences and the polypeptides derived from these sequences, as well as 
antibodies directed against these polypeptides are also useful in the isolation and identification of the BB- 
NANBV agent(s). For example, antibodies directed against HCV epitopes contained in polypeptides derived 
from the cDNAs may be used in processes based upon affinity chromatography to isolate the virus. 
Alternatively, the antibodies may be used to identify viral particles isolated by other techniques. The viral 

40 antigens and the genomic material within the isolated viral particles may then be further characterized. 

The information .obtained from further sequencing of the HCV genome(s). as well as from further 
characterization of the HCV antigens and characterization of the genome enables the design and synthesis 
of additional probes and polypeptides and antibodies which may be used for diagnosis, for prevention, and 
for therapy of HCV induced NANBH, and for screening for infected blood and' blood-related products. 

45 The availability of probes for HCV, including antigens and antibodies, and polynucleotides derived from 
the genome from which the family of cDNAs is derived also allows for the development of tissue culture 
systems which will be of major use in elucidating the biology of HCV. This in turn, may lead to the 
development of new treatment regimens based upon antiviral compounds which preferentially inhibit the 
replication of, or infection by HCV. 

so The method used to identify and isolate the etiologic agent for NANBH is novel, and it may be 
applicable to the identification and/or isolation of heretofore uncharacterized agents which contain a 
genome, and which are associated with a variety of diseases, including those induced by viruses, viroids, 
bacteria, fungi and parasites. In this method, a cDNA library was created from the nucleic acids present in 
infected tissue from an infected individual. The library was created in a vector which allowed the expression 

55 of polypeptides encoded in the cDNA. Clones of host cells containing the vector, which expressed an 
immunologically reactive fragment of a polypeptide of the etiologic agent, were selected by immunological 
screening of the expression products of the library with an antibody containing body component from 
another individual previously infected with. the putative agent. The steps in the immunological screening 
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technique included interacting the expression products of the cONA containing vectors with the antibody 
containing body component of a second infected individual; and detecting the formation of antibody-antigen 
complexes between the expr ssion product(s) and antibodies of the second infected individual. The isolated 
clones are screened further immunologically by interacting their expression products with the antibody 

5 containing body components of other individuals infected with the putative agent and with control individuals 
uninfected with the putative agent, and detecting the formation of antigen-antibody complexes with 
antibodies from the infected individuals; and the cDNA containing vectors which encode polypeptides which 
react immunologically with antibodies from infected individuals and individuals suspected of being infected 
with the agent, but not with control individuals are isolated. The infected individuals used for the 

jo construction of the cDNA library, and for the immunological screening need not be of the same species. 

The cDNAs isolated as a result of this method, and their expression products, and antibodies directed 
against the expression products, are useful in characterizing and/or capturing the etiologic agent. As 
described in more detail infra, this method has been used successfully to isolate a family of cDNAs derived 
from the HCV genome. 

15 

II.A. Preparation of the cDNA Sequence 

Pooled serum from a chimpanzee with chronic HCV infection and containing a high titer of the virus. 

20 i.e., at least TO 6 chimp infectious doses/ml (C!D/ml) was used to isolate viral particles; nucleic acids isolated 
from these particles was used as the template in the construction of a cDNA library to the viral genome. 
The procedures for isolation of putative HCV particles and for constructing the cDNA library in Iambda-gt11 
is discussed in Section IV.A.1. Lambda-gtn is a vector that has been developed specifically to express 
inserted cDNAs as fusion polypeptides with beta-gaiactosidase and to screen targe numbers of recombinant 

25 phage with specific antisera raised against a defined antigen. The Iambda-gt1 1 cDNA library generated from 
a cDNA pool containing cDNA of approximate mean size of 200 base pairs was screened for encoded 
epitopes that could bind specifically with sera derived from patients who had previously experienced NANB 
hepatitis. Huynh, T.V. et al. (1985). Approximately 10 6 phages were screened, and five positive phages 
were identified, purified, and then tested for specificity of binding to sera from different humans and 

30 chimpanzees previously infected with the HCV agent. One of the phages, 5-1-1, bound 5 of the 8 human 
sera tested. This binding appeared selective for sera derived from patients with prior NANB hepatitis 
infections since 7 normal blood donor sera did not exhibit such binding. 

The sequence of the cDNA in recombinant phage 5-1-1 was determined, and is shown in Fig. 1. The 
polypeptide encoded by this cloned cDNA, which is in the same translational frame as the N-terminal beta- 

35 Galactosidase moiety of the fusion polypeptide is shown above the nucleotide sequence. This translational 
ORF, therefore, encodes an epitope(s) specifically recognized by sera from patients with NANB hepatitis 
infections. 

The availability of the cDNA .in recombinant phage 5-1-1 has allowed for the isolation of other clones 
containing additional segments and/or "alternative segments of cDNA to the viral genome. The Iambda-gt11 

40 cDNA library described supra, was screened using a synthetic polynucleotide derived from the sequence of 
the cloned 5-1-1 cDNA. This screening yielded three other clones, which were identified as 81, 1-2 and 91; 
the cDNAs contained within these clones were sequenced. See Sections IV.A.3. and IV.A.4. The homologies 
between the four independent clones are shown in Fig. 2. where the homologies are indicated by the 
vertical lines: Sequences of nucleotides present uniquely in clones 5-1-1. 81, and 91 are indicated by small 

45 letters. 

The cloned cDNAs present in recombinant phages in clones 5-1-1, 81, 1-2. and 91 are highly 
homologous, and differ in only two regions. First, nucleotide number 67 in clone 1-2 is a thymidine, whereas 
the other three clones contain a cytidine residue in this position. This substitution, however, does not alter 
the nature of the encoded amino acid. 

so The. second_difference between the.clones js_that_clone__5_-_1_-1 contains. 28 base pairs at its 5 -terminus 

which are not present in the other clones. The extra sequence may be a 5 -terminal cloning artifact; 5 - 
terminal cloning artifacts ar commonly observed in the products of cDNA methods. 

Synthetic sequences derived from the 5'-region and the 3 -region of the HCV cDNA in clone 81 were 
used to screen and isolate cDNAs from the Iambda-gt11 NANBV cDNA library, which overlapped clone 81 
55 cDNA (Section IV.A.5.). The sequences of the resulting cDNAs, which are in clone 36 and clone 32. 
respectively, are shown in Fig. 5 and Fig. 7. 

Similarly, a synthetic polynucleotide based on the 5 -region of clone 36 was used to screen and isolate 
cDNAs from the lambda gt-11 NANBV cDNA library which overlapped clone 36 cDNA (Section IV.A.8.). A 
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purified clone of recombinant phage-containing cDNA which hybridized to the synthetic polynucleotide 
probe was named clone 35 and the NANBV cDNA sequence contained within this clone is shown in Fig. 8. 

By utilizing the technique of isolating overlapping cDNA sequences, clones containing additional 
upstream and downstream HCV cDNA sequences have been obtained. The isolation of these clones, is 
5 described infra in Section IV.A. 

Analysis of the nucleotide sequences of the HCV cDNAs encoded within the isolated clones show that 
the composite cDNA contains one long continuous ORF. Fig. 26 shows the sequence of the composite 
cDNA from these clones, along with the putative HCV polypeptide encoded therein. 

The description of the method to retrieve the cDNA sequences is mostly of historical interest. The 
to resultant sequences (and their complements) are provided herein, and the sequences, or any portion 
thereof, could be prepared using synthetic methods, or by a combination of synthetic methods with retrieval 
of partial sequences using methods similar to those described herein. 

Lambda-gtn strains replicated from the HCV cDNA library and from clones 5-1-1. 81. 1-2 and 91 have 
been deposited under the terms of the Budapest Treaty with the American Type Culture Collection (ATCC). 
75 12301 Parklawn Dr., Rockville, Maryland 20852, and have been assigned the following Accession Numbers. 



Iambda-gt1 1 


ATCC 
No. 


Deposit Date 


HCV cDNA library 


40394 


1 Dec. 1987 


clone 81 


40388 


17 Nov. 1987 


clone 91 


40389 


17 Nov. 1987 


clone 1-2 


40390 


17 Nov. 1987 


clone 5-1-1 


40391 


18 Nov. 1987 



The designated deposits will be maintained for a period of thirty (30) years from the aate of deposit, or 
for five (5) years after the last request for the deposit; or for the enforceable fife of the U.S. patent, 
whichever is longer. These deposits and other deposited materials mentioned herein are intended for 
convenience only, and are not required to practice the present invention in view of the description here. The 
HCV cDNA sequences in all of the deposited materials are incorporated herein by reference. 

The description above, of "walking" the genome by isolating overlapping cDNA sequences from the 
HCV lambda gt-1 1 library provides one method by which cDNAs corresponding to the entire HCV genome 
may be isolated. However, given the information provided herein, other methods for isolating these cDNAs 
are obvious to one of skill in the art. Some of these methods are described in Section IV.A.. infra. 



H.B. Preparation of Viral Polypeptides and Fragments 



The availability of cDNA sequences, either those isolated by utilizing the cDNA sequences in Figs. 1-32, 
as discussed infra, as well as the cDNA sequences in these figures, permits the construction of expression 
vectors encoding antigenically active regions of the polypeptide encoded in either strand. These antigeni- 
cally active regions may be derived from coat or envelope antigens or from, core antigens, including, for 
example, polynucleotide binding proteins, polynucleotide polymerase(s). and other viral proteins required for 
the replication and/or assembly of the virus particle. Fragments encoding the desired polypeptides are 
derived from the cDNA clones using conventional restriction digestion or by synthetic methods, and are 
ligated into vectors which may, for example, contain portions of fusion sequences such as beta-Galac- 
tosidase or superoxide dismutase (SOD), preferably SOD. Methods and vectors which are useful for the 
production of polypeptides which contain fusion sequences of SOD are described in European Patent Office 
Publication number 0196056. published October 1. 1986. Vectors encoding fusion polypeptides of SOD and 
HCV polypeptides, i.e.. NANB5-1-1. NANBsi , and C100-3, which is encoded in a composite of HCV 
cDNAs. are described in Sections IV.B.1, IV.B.2, and IV.B.4. respectively. Any desired portion of the HCV 
cDNA containing an open reading frame, in either sense strand, can be obtained as a recombinant 
polypeptide, such as a mature or fusion protein; alternatively, a polypeptide encoded in the cDNA can be 
provided by chemical synthesis. 

The DNA encoding the desired polypeptide, whether in fused or mature form, and whether or not 
containing a signal sequence to permit secretion, may be ligated into expression vectors suitable for any 
convenient host. Both eukaryotic and prokaryotic host systems are presently used in forming recombinant 
polypeptides, and a summary of some of the more common control systems and host cell lines is given in 
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Section III.A., infra. The polypeptide is then isolated from lysed cells or from the culture medium and 
purified to the extent needed for its intended use. Purification may be by techniques known in the art. for 
example, salt fractionation, chromatography on ion exchange resins, affinity chromatography, centrifugation. 
and the like. See. for example. Methods in Enzymology for a variety of methods for purifying proteins. Such 

s polypeptides can be used as diagnostics, or those which give rise to neutralizing antibodies may be 
formulated into vaccines. Antibodies raised against these polypeptides can also be used as diagnostics, or 
for passive immunotherapy. In addition, as discussed in Section II.J. herein below, antibodies to these 
polypeptides are useful for isolating and identifying HCV particles. 

The HCV antigens may also be isolated from HCV virions. The virions may be grown in HCV infected 

/o cells in tissue culture, or in an infected host. 



H C. Preparation of Antigenic Polypeptides and Conjugation with Carrier 



75 An antigenic region of a polypeptide is generally relatively small-typically 8 to 10 amino acids or less 
in length. Fragments of as few as 5 amino acids may characterize an antigenic region. These segments 
may correspond to regions of HCV antigen. Accordingly, using the cDNAs of HCV as a basis. DNAS 
encoding short segments of HCV polypeptides can be expressed recombinantly either as fusion proteins, or 
as isolated polypeptides. In addition, short amino acid sequences can be conveniently obtained by chemical 

20 synthesis. In instances wherein the synthesized polypeptide is correctly configured so as to provide the 
correct epitope, but is too small to be immunogenic, the polypeptide may be linked to a suitable carrier. 

A number of techniques for obtaining such linkage are known in the art. including the formation of 
disulfide linkages using N-succinimidyl-3-(2-pyridylthio)propionate (SPDP) .and succinimidyl 4-(N-mal- 
eimidomethyl)cyclohexane-l-carboxylate (SMCC) obtained from Pierce Company. Rockford. Illinois, (if the 

25 peptide lacks a sulfhydryl group, this can be provided by addition of a cysteine residue.) These reagents 
create a disulfide linkage between themselves and peptide cysteine residues on one protein and an amide 
linkage through the epsiion-amino on a lysine, or other free amino group in the other. A variety of such 
disulfide/amide-forming agents are known. See, for example. Im'mun. Rev. (1982) 62:185. Other bifunctional 
coupling agents form a thioether rather than a disulfide linkage. Many of these thio^ether-forming agents are 

30 commercially available and include reactive esters of 6-maleimidocaproic acid. 2-bromoacetic acid. 2- 
iodoacetic acid. 4-(N-maleimidomethyl)cyclohexane-1-carboxylic acid, and the like. The carboxyl groups can 
be activated by combining them with succinimide or 1-hydroxyl-2-nitro-4-sulfonic acid, sodium salt. The 
foregoing list is not meant to be exhaustive, and modifications of the named compounds can clearly be 
used. 

35 Any carrier may be used which does not itself induce the production of antibodies harmful to the host. 
Suitable carriers are typically large, slowly metabolized macromolecules such as proteins: polysaccharides, 
such as latex functionalized sepharose, agarose, cellulose, cellulose beads and the like: polymeric amino 
acids, such as polyglutamic acid, polylysine. and the like; -amino acid copolymers; and inactive virus 
particles, see, for example, section II. D. Especially useful protein substrates are serum albumins, keyhole 

40 limpet hemocyanin. immunoglobulin molecules, thyroglobulin, ovalbumin, tetanus toxoid, and other proteins 
well known to those skilled in the art. 



IKD. Preparation of Hybrid Particle Immunogens Containing HCV Epitopes 



The immunogenicity of the epitopes of HCV may also be enhanced by preparing them in mammalian or 
yeast systems fused with or assembled with particle-forming proteins such as, for example, that associated 
with hepatitis B surface antigen. Constructs wherein the NANBV epitope is linked directly to the particle- 
forming protein coding sequences produce hybrids which are immunogenic with respect to the HCV 
epitope. In addition, alt of the vectors prepared include epitopes specific to HBV, having various degrees of 
immunogenicity,-such-as.-fo^example.-the-pre-S;peptide: Thus. particles constructed-from particle -forming- 
protein which include HCV sequences are immunogenic with respect to HCV and HBV. 

Hepatitis surface antigen (HBSAg) has been shown to be formed and assembled into particles in S. 
cerevisiae (Valenzuela et al. (1982)), as well as in. for example, mammalian cells (Valenzuela, P., et aT 
(1984)). The formation of such particles has been shown to enhance the immunogenicity of the monomer 
subunit. The constructs may also include the immunodominant epitope of HBSAg, comprising the 55 amino 
acids of the presurface (pre-S) region. Neurath et al. (1984). Constructs of the pre-S-HBSAg particle 
expressible in yeast are disclosed in EPO 174,444, published March 19. 1986; hybrids including heterolo- 
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gous viral sequences for yeast expression are disclosed in EPO 175.261. published March 26. 1966. Both 
applications are assigned to the herein assignee, and are incorporated herein by reference. These 
constructs may also be expressed in mammalian cells such as Chinese hamster ovary (CHO) cells using an 
SV40-dihydrofolate reductase vector (Michelle et al. (1984)). 
s In addition, portions of the particle-forming protein coding sequence may be replaced with codons 
encoding an HCV epitope. In this replacement, regions which are not required to mediate the aggregation of 
the units to form immunogenic particle's in yeast or mammals can be deleted, thus eliminating additional 
HBV antigenic sites from competition with the HCV epitope. 

w 

II.E. Preparation of Vaccines 

Vaccines may be prepared from one or more immunogenic polypeptides derived from HCV cDNA as 
well as from the cDNA sequences in the Figs. 1-32, or from the HCV genome to which they correspond. 

is The observed homology between HCV and Flaviviruses provides information concerning the polypeptides 
which are likely to be most effective as vaccines, as well as the regions of the genome in which they are 
encoded. The general structure of the Flavivirus genome is discussed in Rice et al (1986). The flavivirus 
genomic RNA is believed to be the only virus-specific mRNA species, and it is translated into the three viral 
structural proteins, i.e.. C, M, and E. as well as two large nonstructural proteins, NV4 and NV5 ; and a 

20 complex set of smaller nonstructural proteins. It is known that major neutralizing epitopes for Flaviviruses 
reside in the E (envelope) protein (Roehrig (1986)). The corresponding HCV E gene and polypeptide 
encoding region can be predicted, based upon the homology to Flaviviruses. Thus, vaccines may be 
comprised of recombinant polypeptides containing epitopes of HCV E. These polypeptides may be 
expressed in bacteria, yeast, or mammalian cells, or alternatively may be isolated from viral preparations, rt 

25 is also anticipated that the other structural proteins may also contain epitopes which give rise to protective 
anti-HCV antibodies. Thus, polypeptides containing the epitopes of E. C. and M may also be used, whether 
singly or in combination, in HCV vaccines. 

In addition to the above, it has been shown that immunization with NS1 (nonstructural protein 1). results 
in protection against yellow fever (Schlesinger et al (1986)). This is true even though the immunization does 

30 not give rise to neutralizing antibodies. Thus, particularly since this protein appears to be highly conserved 
among Flaviviruses, it is likely that HCV NS1 will also be protective against HCV infection. Moreover, it also 
shows "that nonstructural proteins may provide protection against viral pathogenicity, even if they do not 
cause the production of neutralizing antibodies. 

In view of the above, multivalent vaccines against HCV may be comprised of one or more structural 

35 proteins, and/or one or more nonstructural proteins. These- vaccines may be comprised of. for example, 
recombinant HCV polypeptides and/or polypeptides isolated from the virions. In addition, it may be possible 
to use inactivated HCV in vaccines: inactivation may be by the preparation of viral lysates, or by other 
means known in the art to cause inactivation of Flaviviruses, for example, treatment with organic solvents or 
detergents, or treatment with formalin. Moreover, vaccines may also be prepared from attenuated HCV 

40 strains. The preparation of attenuated HCV strains is described infra. 

It is known that some of the proteins in Flaviviruses contain highly conserved regions, thus, some 
immunological cross-reactivity is expected between HCV and other Flaviviruses. It is possible that shared 
epitopes between the Flaviviruses and HCV will give rise to protective antibodies against one or more of the 
disorders caused by these pathogenic agents. Thus, it may be possible to design multipurpose vaccines 

45 based upon this knowledge. 

The preparation of vaccines which contain an immunogenic pofypeptide(s) as active ingredients, is 
known to one skilled in the art. Typically, such vaccines are prepared as injectables. either as liquid 
solutions or suspensions; solid forms suitable for solution in. or suspension in. liquid prior to injection may 
also be prepared. The preparation may also be emulsified, or the protein encapsulated in liposomes. The 

so active immunogenic ingredients are often mixed with excipients which are pharmaceutical iy acceptable and 
compatible with the active ingredient. Suitable excipients are, for example, water. saJine. dextrose, glycerol, 
ethanoi, or the like and combinations thereof. In addition, if desired, the vaccine may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents. pH buffering agents, and/or adjuvants which 
enhance the effectiveness of the vaccine. Examples of adjuvants which may be effective includ but are not 

55 limited to: aluminum hydroxide, N-ac tyl-muramyl-L-threonyl-O-^soglutamine (thr-MDP). N-acetyl-nor- 
muramyl-L-alanyl-D-isogtutamine (CGP 11637. referred to as nor-MDP). N-acetylmuramykL-alanyl-O- 
isoglutaminyl-L-alanine-2-(1 / -2'-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy hethylamm (CGP 1 9835A. 

referred to as MTP-PE). and RIBI. which contains three components extracted from bacteria, mon- 
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ophosphoryl lipid A. trehalose dimycolate and cell wall skeleton (MPL + TDM + CWS) in a 2% 
squalene/Tween 80 -emulsion. The effectiveness of an adjuvant may be determined by measuring the 
amount of antibodies directed against an immunogenic polypeptide containing an HCV antigenic sequence 
resulting from administration of this polypeptide in vaccines which are also comprised of the various 
5 adjuvants. 

The vaccines are conventionally administered parenterally, by injection, for example, either sub- 
cutaneously. or intramuscularly. Additional formulations which are suitable for other modes of administration 
include suppositories and, in some cases, oral formulations. For suppositories, traditional binders and 
carriers may include, for example, polyalkylene glycols or triglycerides; such suppositories may be formed 

w from mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1%-2%. Oral 
formulations include such normally employed excipients as. for example, pharmaceutical grades of 
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, and the 
like. These compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained release 
formulations or powders and contain l0%-95% of active ingredient, preferably 25%-70%. 

is The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutical^ acceptable 
salts include the acid addition salts (formed with free amino groups of the peptide) and which are formed 
with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids such as 
acetic, oxalic, tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be derived 
from inorganic bases such as. for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 

20 and such organic bases as isopropylamine, trimethylamine. 2-ethylamino ethanol, histidine, procaine, and 
the like. 



II. F. Dosage and Administration of Vaccines 
25 '. 

The vaccines are administered in a manner compatible with the dosage formulation, and in such 

amount as will be prophylactically and/or therapeutically effective. The quantity to be administered, which is 

generally in the range of 5 micrograms to 250 micrograms of antigen per dose, depends on the subject to 

be treated, capacity of the subject's immune system to synthesize antibodies, and the degree of protection 
30 desired. Precise amounts of active ingredient required to be administered may depend on the judgment of 

the practitioner and may be peculiar to each subject. 

The vaccine may be given in a single dose schedule, or preferably in a multiple dose schedule. A 

multiple dose schedule is one in which a primary course of vaccination may be with 1-10 separate doses. 

followed by other doses given at subsequent time intervals required to maintain and or reenforce the 
35 immune response, for example, at 1-4 months for a second dose, and if needed, a subsequent dose(s) after 

several months. The dosage regimen will also, at least in part, be determined by the need of the individual 

and be dependent upon the judgment of the practitioner. 

In addition, the vaccine-containing the immunogenic HCV antigen(s) may be administered in conjunction 

with other immunoregulatory agents, for example, immune globulins. 

40 

H.G. Preparation of Antibodies Against HCV Epitopes 

The immunogenic polypeptides prepared as described above are used to produce antibodies, both 
45 polyclonal and monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, 
goat, horse, etc.) is immunized with an immunogenic polypeptide bearing an HCV epitope(s). Serum from 
the immunized animal is collected and treated according to known procedures. If serum containing 
polyclonal antibodies to an HCV epitope contains antibodies to other antigens, the polyclonal antibodies can 
be purified by immunoaffinity chromatography. Techniques for producing and processing polyclonal 
so antisera are known in the art, see for example, Mayer and Walker (1987). 

Alternatively, polyclonal-antibodies may be isolated-frorrra mammal which"has~been previous ly"infectecl" 

with HCV. An example of a method for purifying antibodies to HCV epitopes from serum from an infect d 
individual, based upon affinity chromatography and utilizing a fusion polypeptide of SOD and a polypeptide 
encoded within cDNA clone 5-1-1, is presented in Section V.E. 
55 Monoclonal antibodies directed against HCV epitopes can also be readily produced by one skilled in 
the art. Th general methodology for making monoclonal antibodies by hybridomas is well known. Immortal 
antibody-producing cell lines can be created by cell fusion, and also by other techniques such as direct 
transformation of B lymphocytes with oncogenic DNA. or transfection with Epstein-Barr virus. See. e.g.. M. 
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Schreier et al. (1980); Hammerling et at. (1981); Kennett et al..(l980): see also. U.S. Patent Nos. 4.341.761; 
4,399.121; 4.427.783; 4.444,887; 4.466.917; 4.472,500; 4.491.632; and 4.493.890. Panels of monoclonal 
antibodies produced against HCV epitopes can be screened for various properties: i.e.. for isotype. epitope 
affinity, etc. 

s Antibodies, both monoclonal and polyclonal, which are directed against HCV epitopes are particularly 
useful in diagnosis, and those which are neutralizing are useful in passive immunotherapy. Monoclonal 
antibodies, in particular, may be used to raise anti-idiotype antibodies. 

Anti-idiotype antibodies are immunoglobulins which carry an "internal image" of the antigen of the 
infectious agent against which protection is desired. See, for example, Nisonoff, A., et al. (1981) and 
70 Dreesman et al. (1985). 

Techniques for raising anti-idiotype antibodies are known in the art. See. for example. Grzych (1985), 
MacNamara et al. (1984), and Uytdehaag et al. (1985). These anti-idiotype antibodies may also be useful for 
treatment of NANBH. as.well as for an elucidation of the immunogenic regions of HCV antigens. 

75 

II. H. Diagnostic Oligonucleotide Probes and Kits 

Using the disclosed portions of the isolated HCV cDNAs as a basis, including those in Figs. 1-32. 
oligomers of approximately 8 nucleotides or more . can be prepared, either by excision or synthetically. 

20 which hybridize with the HCV genome and are useful in identification of the viral agent(s), further 
characterization of the viral genome(s), as well as in detection of the virus(es) in diseased individuals. The 
probes for HCV polynucleotides (natural or derived) are a length which allows the detection of unique viral 
sequences by hybridization. While 6-8 nucleotides may be a workable length, sequences of 10-12 
nucleotides are preferred, and about 20 nucleotides appears optimal. Preferably, these sequences will 

25 derive from regions which lack heterogeneity. These probes can be prepared using routine methods, 
including automated oligonucleotide synthetic methods. Among useful probes, for example, are the clone 5- 
1-1 and the additional clones disclosed herein, as well as the various oligomers useful in probing cDNA 
libraries, set forth below. A complement to any unique portion of the HCV genome will be satisfactory. For 
use as probes, complete complementarity is desirable, though it may be unnecessary as the length of the 

30 fragment is increased. 

For use of such probes as diagnostics, the biological sample to be analyzed, such as blood or serum, is 
treated, if desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the sample 
may be subjected to gel electrophoresis or other size separation techniques: alternatively, the nucleic acid 
sample may be dot blotted without size separation, the probes are then labeled. Suitable labels, and 

35 methods for labeling probes are known in the art, and include, for example, radioactive labels incorporated 
by nick translation or kinasing. biotin. fluorescent probes, and chemiluminescent probes. The nucleic acids 
extracted from the sample are then treated with the labeled probe under hybridization conditions of suitable 
stringencies. 

The probes can be made completely complementary to the HCV genome. Therefore, usually high 

40 stringency conditions are desirable in order to prevent false positives. However, conditions of high 
stringency should only be used if the probes are complementary to regions of the viral genome which lack 
heterogeneity. The stringency of hybridization is determined by a number of factors during hybridization 
and during the washing procedure, including temperature, ionic strength, length of time, and concentration 
of formamide. These factors are outlined in, for example, Maniatis. T. (1982). 

45 Generally, it is expected that the HCV genome sequences will be present in serum of infected 
individuals at relatively low levels, i.e.. at approximately lO^-lO 3 sequences per ml. This level may require 
that amplification techniques be used in hybridization assays. Such techniques are known in the art For 
example, the Enzo Biochemical Corporation "Bio-Bridge" system uses terminal deoxynucleotide transferase 
to add unmodified 3-poly-dT-tails to a DNA probe. The poly dT-tailed probe is hybridized to the target 

so nucleotide sequence, and then to a biotin-modified poly-A. PCT application 84^*03520 and EPA1 24221 
describe a DNA hybridization assay in which: (1) analyte is annealed to a single-stranded DNA probe that is 
complementary to an enzyme-labeled oligonucleotide; and (2) the resulting tailed duplex is hybridized to an 
enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridization assay in which analyte DNA is 
contacted with a probe that has a tail, such as a poly-dT tail, an amplifier strand that has a sequence that 

55 hybridizes to the tail of the probe, such as a poly-A sequence, and which is capable of binding a plurality of 
labeled strands. A particularly desirable technique may first involve amplification of the target HCV 
sequences in sera approximately 10.000 fold, i.e.. to approximately 10* sequencesml. This may be 
accomplished, for example, by the technique of Saiki et al. (1986). The amplified sequence(s) may then be 

19 



EP 0 318 216 A1 



detected using a hybridization assay which is described in co-pending U.S. Application. Attorney Docket 
No. 2300-0171. which was filed 15 October 1987. is assigned to the herein ass.gnee. and is hereby 
incorporated herein by reference. This hybridization assay, which should detect sequences at the level of 
10 /ml utilizes nucleic acid multimers which bind to single-stranded analyte nucleic acid, and which also 
bind to a multiplicity of single-stranded labeled oligonucleotides. A suitable solution phase sandwich assay 
wh>ch may be used with labeled polynucleotide probes, and the methods for the preparation of probes is 
descnbed in EPO 225.807. published June 16. 1987. which is assigned to the herein assignee, and which is 
hereby incorporated herein by reference. 

The probes can be packaged into diagnostic kits. Diagnostic kits include the probe DNA which may be 
labeled; alternatively, the probe DNA may be unlabeled and the ingredients for labeling may be included in 
the kit. The kit may also contain other suitably packaged reagents and materials needed for the particular 
hybridization protocol, for example, standards, as well as instructions for conducting the test 



H I- Immunoassay and Diagnostic Kits 

Both the polypeptides which react immunologically with serum containing HCV antibodies for example 
those derived from or encoded within the clones described in Section IV.A.. and composites thereof (see 
sect.on IV.A.) and the antibodies raised against the HCV specific epitopes in these polypeptides see for 
example Section IV.E. are useful in immunoassays to detect presence of HCV antibodies, or the presence 
of the virus and/or viral antigens, in- biological samples, including for example, blood or serum samples 
Design of the immunoassays is subject to a great deal of variation, and a variety of these are known in the 
art. For example, the immunoassay may utilize one viral antigen, for example, a polypeptide derived from 
any of the clones containing HCV cDNA described in Section IV.A., or from the composite cDNAs derived 
from the cDNAs in these clones, or from the HCV genome from which the cDNA in these clones is derived- 
alternatively, the immunoassay may use a combination of viral antigens derived from these sources. It may 
use for example, a monoclonal antibody directed towards a viral epitope(s), a combination of monoclonal 
antibodies directed towards one viral antigen, monoclonal antibodies directed towards different viral 
antigens polyclonal antibodies directed towards the same viral antigen, or polyclonal antibodies directed 
towards different viral antigens. Protocols may be based, for example, upon competition, or direct reaction 
or sandw,ch type assays. Protocols may also, for example, use solid supports, or may be by im- 
munoprecipitation. Most assays involve the use of labeled antibody or polypeptide; the labels may be for 
example, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify the signals 
rom the probe are also known; examples of which are assays which utilize biotin and avidin. and enzyme- 
labeled and mediated immunoassays, such as ELISA assays. 

The Flavivirus model for HCV allows predictions regarding the likely location of diagnostic epitopes for 
the virion structural proteins. The C. pre-M. M. and E domains are all likely to contain epitopes of significant 
potential for detecting viral antigens, and particularly for diagnosis. Similarly, domains of the nonstructural 
proteins are expected to contain important diagnostic epitopes (e.g., NS5 encoding a putative polymerase- 
and NS1 encoding a putat.ve complement-binding antigen). Recombinant polypeptides, or viral polypep- 
tides which include epitopes from these specific domains may be useful for the detection of viral antibodies 
in infections blood donors and infected patients. 

In addition, antibodies directed against the E and/or M proteins can be used in immunoassays for the 
detection of vral antigens in patients with HCV caused NANBH, and in infectious blood donors. Moreover 
these antibodies will be extremely useful in detecting acute-phase donors and patients 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the polypeptides of the invention containing HCV epitopes or 
antibod.es directed against HCV epitopes in suitable containers, along with the remaining reagents and 
materials required for the conduct of the assay, as well as a suitable set of assay instructions 



"U. Further Characterization of the. HCV Genome. Virions, and Viral Antigens Using Probes Derived From 
cDNA to the Viral Genome '- 



The HCV cDNA sequence information in the clones described in Section IV.A.. as shown in Figs 1-32 
inclusive, may be used to gain further information on the sequence of the HCV genome and for 
.aent.f,cat.on and isolation of the HCV agent, and thus will aid in its characterization including the nature of 
the genome, the structure of the viral particle, and the nature of the antigens of which it is composed This 
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information, in turn, can lead to additional polynucleotide probes, poiypeptiaes derived from the HCV 
genome, and antibodies directed against HCV epitopes which would be useful for the diagnosis and'or 
treatment of HCV caused NANBH. 

The cDNA sequence information in the above-mentioned clones is useful for the design of probes for 

5 the isolation of additional cDNA sequences which are derived from as yet undefined regions of the HCV 
genome(s) from which the cDNAs in clones described in Section IV.A. are derived. For example; labeled 
probes containing a sequence of approximately 8 or more nucleotides, and preferably 20 or more 
nucleotides, which are derived from regions close to the 5-termini or 3-termini of the family of HCV cDNA 
sequences shown in Figs. 1, 3, 6. 9. 14 and 32 may be used to isolate overlapping cDNA sequences from 

w HCV cDNA libraries. These sequences which overlap the cDNAs in the above-mentioned clones, but which 
also contain sequences derived from regions of the genome from which the cDNA in the above mentioned 
clones are not derived, may then be used to synthesize probes for identification of other overlapping 
fragments which do not necessarily overlap the cDNAs in the clones described in Section IV.A. Unless the 
HCV genome is segmented and the segments lack common sequences, it is possible to sequence the 

rs entire viral genome(s) utilizing the technique of isolation of overlapping cDNAs derived from the viral 
genome(s). Although it is unlikely, if the genome is a segmented genome which lacks common sequences, 
the sequence of the genome can be determined by serologically screening Iambda-gt11 HCV cDNA 
libraries, as used to isolate clone 5-1-1, sequencing cDNA isolates, and using the isolated cDNAs to isolate 
overlapping fragments, using the technique described for the isotation and sequencing of the clones 

20 described in Section IV.A. Alternatively, characterization of the genomic segments could be from the viral 
genome(s) isolated from purified HCV particles. Methods for purifying HCV particles and for detecting them 
during the purification procedure are described herein, infra. Procedures for isolating polynucleotide 
genomes from viral particles are known in the art. and one procedure which may be used is shown in 
Example IV.A.1. The isolated genomic segments could then be cloned and sequenced. Thus, with the 

25 information provided herein, it is possible to clone and sequence the HCV genome(s) irrespective of their 
nature. 

Methods for constructing cDNA libraries are known in the art. and are discussed supra and infra; a 
method for the construction of HCV cDNA libraries in Iambda-gt1l is discussed infra in Section IV.A. 
However, cDNA libraries which are useful for screening with nucleic acid probes may also be constructed in 

30 other vectors known in the art. for example. Iambda-gt10 (Huynh et al. (1985)). The HCV derived cDNA 
detected by the probes derived from the cDNAs in Figs. 1-32, and from the probes synthesized from 
polynucleotides derived from these cDNAs. may be isolated from the clone by digestion of the isolated 
polynucleotide with the appropriate restriction enzyme(s). and sequenced. See. for example. Section IV.A.3. 
and IV.A.4. for the techniques used for the isolation and sequencing of HCV cDNA which overlaps HCV 

35 cDNA in clone 5-1-1. Sections IV.A.5-IV.A.7 for the isolation and sequencing of HCV cDNA which overlaps 
that in clone 81, and Section IV.A.8 and IV.A.9 for the isolation and sequencing of a clone which overlaps 
another clone (clone 36). which overlaps clone 81 . 

The sequence information derived from these overlapping HCV cDNAs is useful for determining areas 
of homology and heterogeneity within the viral genome(s), which could indicate the presence of different 

40 strains of the genome, and/or of populations of defective particles. It is also useful for the design of 
hybridization probes to detect HCV or HCV antigens or HCV nucleic acids in biological samples, and during 
the isolation of HCV (discussed infra), utilizing the techniques described in Section II.G. Moreover, the 
overlapping cDNAs may be used to create expression vectors for polypeptides derived from the HCV 
genome(s) which also encode the polypeptides encoded in clones 5-1-1. 36, 81, 91; and 1-2. and in the 

45 other clones described in Section IV.A. The techniques for the creation of these polypeptides containing 
HCV epitopes, and for antibodies directed against HCV epitopes contained within them, as well as their 
uses, are analogous to those described for polypeptides derived from NANBV cDNA sequences contained 
within clones 5-1-1. 32. 35. 36. 1-2. 81. and 91. discussed supra and infra. 

Encoded within the family of cDNA sequences contained within clones 5-1-1, 32. 35. 36, 81. 91. 1-2. 

so and the other clones described in Section IV.A. are antigen(s) containing epitopes which appear to be 
unique to HCV; i.e., antibodies directed against these antigens are absent from individuals infected with 
HAV or HBV, and from individuals not infected with HCV (see the serological data presented in Section 
IV.B.). Moreover, a comparison of the sequence information of these cONAs with the sequences of HAV, 
HBV, HDV, and with the genomic sequences in Genebank indicates that minimal homology exists between 

55 these cDNAs and the polynucleotide sequences of those sources. Thus, antibodies directed against the 
antigens encoded within the cDNAs of these clones may be used to identify BB-NANBV particl s isolated 
from infected individuals. In addition, they are also useful for the isolation of NANBH agent(s). 

HCV particles may be isolated from the sera from BB-NANBV infected individuals or from cell cultures 
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, b L a 1° f T meth ° dS k "° Wn m the 3n - indudin 9 ,or exam P' e - techn ia ues based on size discrimination 
such as sed.mentat.on or exclusion methods, or techniques based on dens.ty such as ul aLn Zton 

n^S" a P r Pit3,i0n Wj,h a9emS 35 P0 ' ye,hy,ene 9'VCO.. or chrom^^^TS; 

^^irr C ^ n '° niC eXChan9e materia ' S - 3nd ma,eria,S WhiCh bind due to hydrophobic- 
«ty_ as well as aff.n.ty columns. Dur.ng the isolation procedure the presence of HCV may be detected bv 

uo i nr 7 VSiS ° f 6XtraCted 9en ° me - USi "9 pr0bes the HCV cDNAs^ escled 

enSpH by h ' m t ": un ( 0aSSay (S6e SeC,i ° n IU - ) utili2i "9 35 P' 0 ** ^bodies dieted against HCV antiqens 

encodS I' am " y °' CDNA SeqUenCeS Sh0W " in R 9 S - 1 " 32 - and als ° <^cted agains HCV an geJ 

encoded w,th.n the overlapping HCV cDNA sequences discussed supra. The antibodies may be mon 
oc.ona. or po.yc.onal. and i» may be desirab.e to purify the antibodies before their u >>nle Zunoassay" 

isrs:j or poiycionai amibodies directed a ° ainst ^ wiLn rnesT^ 
s^sSr^sr 9ous pu ation procedures may be uti,ized ,or antib ° dies directed ^ 

w ell A a c?K 0dieS direCt6d 39ainSt HCV anti9ens enC0ded within the fami, y ° f cDNAs shown in Figs 1-32 as 

^ Sn o7 e HCV 0 b ' Wimin T' aPPin9 CDNAS ' WhiCh " a " ixed 10 SOlid -PP° rts ™ -'J fo 'th 
known in h^ I ' IT"" 03 "'"'* <*™«°V«*». Techniques for immunoaffinity chromatography are 
known ,n the art. mc.udmg techmques for affixing antibodies to solid supports so that they retain the* 
mmunoseject-ve acuity; the techniques may be those in which the antibodies are adso bed o th Tuppo" 
(see for example. Kurstak in ENZYME IMMUNODIAGNOSIS. page 31-37) as well as those in whS th. 

HZt V« 9 1 9enS 10 3 S °' id SUPPOrt - which are generally described in Section II.C • however 
^Z^^^ " "* bi,UnCti ° na ' *~ " - - «*- bMng^oTS 

hvbr?di»t? n r ?r ifiCati ° n P L° CedUre the Pr6SenCe ° f HCV ma * be detected verified by nucleic acid 

Ros 32 a , J" 9 f Pr ° beS pol * nucleotides ^rived from the family of HCV cDNA sequences shown n 
Fgs 1-32 as well as from overlapping HCV cDNA sequences, described supra. In this case the fracZs 
are treated under conditions which wou.d cause the disruption of vira. particles for ^p^^JSSS 

echniaSes desc h ^T" ** Pr6SenCe °' viral " UC,eic acid c^U^^CSS 

KS^^TS obtaSTh 11 -" / Urther C ° nfifma,i0n tha< the iS0lat6d Dartic,es « the" agents wh 
d!tlZ,n*L J V 1 ! d by ' nfeCt,ng cnim P a "2ees with the isolated virus particles, foltowed by a 
determ.nat.on of whether the symptoms of NANBH result from the infection Y 

acidtas b2n C n S t°h ? 6 P . Urified preparations ™V be further characterized. The genomic nucleic 

composed of an RNA aZ m ?°s " ^ «* ^ '' " 3ppearS < hat ,he vi ™ 

3»rll 9 ! °. 6 ExamP ' e IVC2 - infra - The handedness and circularity or non- 
determmed by techniques known in the art. including, for example its visualfzaL bv 

^rS^^^^TT 5 ' "* iK Sedimemati0n 

y o f me captured HCV genome to the negative strands of HCV cDNAs it aDDears that Hrv 

descr b b e d 0mpr ; Sed ° f 3 P ° Si,iVe Strand6d RNA 9en0me ^ Section 'V.H.1, Techniq e such as the e are 
cionefand i, METHODS IW ENZYMOLOGY. .n addition, the purified nuc.eic acid can be 

RNA ^ SeTforTZle M T ^ « a ™"#™ *™ ^ Qenomi mater^l is 

particles it ^^S^^T" ^ ^ 09851 the " UCleic acid derived <™ the viral 

F«Tm 11! ! to sequence the ent.re genome, whether or not it is segmented. 

cionSrr^Scir^f ? poiypeptide encoded wi,hin the c ° ntinu ° us ° rf ° f "n*^ 

9 ' ); ,h3t ^ HCV P 0, yP e P« de c °"^ regions of homology with 

^hTT^ZTS^- C ° nSe r69i0nS °' " aViVirUSeS - An examp,e * ,his is described in Action 
lh£ " C^eSSJT' 1 ^- ram,,iCa,i ° nS - First - this evid ence, in con ju nction with the resu.ts. 
nucteot^e^ Til consfln; T,k 3 pOS,t,ve - strande d genome, the size of which is approximately 10.000 
virionf fnri 1 f * SU 99 estion that H CV is a f.avivirus. or flavi-like virus. Generally flavivirus 

Rice et a, ( ^'^JTm'aTc^ - 0rQani2ation - which « ^ 

M/M, ^nd E may be^located hi' Ts' L ' StrUCtUra ' 96neS ancodiB 8 ^ P^Pe^es C. pre- 

comDaTiso^th n^ 3 "-^^^^^^^^^ 

ZTs can bfmade: Pred ' Cti ° nS " t0 ^ Pr6CiSe '° Cati ° n ° f *° encoding these 

which 0 ^ °,; p ,he f Sequence h S u P streaf " °< those in done I4i may b accomplished in a number of ways 

• W ° Uld be ° bVi ° US t0 ° ne ° f Ski " i0 ,he art - For xam P'e- the genome 
o^JTS?i-r y , T* t0 ' SOlate ° ther SeqU6nCeS WhiCh « 5 ' 10 those « clone ,4i. but which 

zs:^ sec;: ea v A to For r iatio r of r ddi,iona ' sequences - This technique ^ *™ ^ 

nrra. bect.on IV.A.. For example, also, .t is known that the flaviviruses have conserved 
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epitopes and regions of conserved nucleic acid sequences. Polynucleotides containing the conserved 
sequences may be used as probes which bind the HCV genome, thus allowing its isolation. In addition, 
these conserved sequences, in conjunction with those derived from the HCV cDNAs shown in Fig. 22, may 
be used to design primers for use in systems which amplify the genome sequences upstream of those in 

5 clone I4i t using polymerase chain reaction technology. An example of this is described infra. 

The structure of the HCV may also be determined and its components isolated. The morphology and 
size may be determined by, for example, electron microscopy. The identification and localization of specific 
viral polypeptide antigens such as coat or envelope antigens, or internal antigens, such as nucleic acid 
binding proteins, core antigens, and polynucleotide polymerase(s) may also be determined by, for example, 

70 determining whether the antigens are present as major or minor viral components, as well as by utilizing 
antibodies directed against the specific antigens encoded within isolated cDNAs as probes. This information 
is useful in the design of vaccines; for example, it may be preferable to include an exterior antigen in a 
vaccine preparation. Multivalent vaccines may be comprised of, for example, a polypeptide derived from the 
genome encoding a structural protein, for example, E, as well as a polypeptide from another portion of the 

*s genome, for example, a nonstructural or structural polypeptide. 

U.K. Cell Culture Systems and Animal Model Systems for HCV Replication 

20 The suggestion that HCV is a flavivirus or flavi-like virus also provides information on methods for 
growing HCV. The term "flavi-like" means that the virus shows a significant amount of homology to the 
known conserved regions of flaviviruses and that the majority, of the genome is a single ORF. Methods for 
culturing flaviviruses are known to those of skill in the art (See. for example, the reviews by Brinton (1986) 
and Stollar, v. (1980)). Generally, suitable cells or cell lines for culturing HCV may include those known to 

25 support Flavivirus replication, for example, the following: monkey kidney cell lines (e.g. MK2, VERO); 
porcine kidney cell lines (e.g. PS); baby hamster kidney cell lines (e.g. BHK); murine macrophage cell lines 
(e.g., P388D1, MK1, Mm1); human macrophage cell lines (e.g., U-937); human peripheral blood leukocytes; 
human adherent monocytes; hepatocytes or hepatocyte cell lines (e.g., HUH7 . HEPG2); embryos or 
embryonic cells (e.g., chick embryo fibroblasts); or cell lines derived from invertebrates, preferably from 

30 insects (e.g. drosophila cell lines), or more preferably from arthropods, for example, mosquito cell lines 
(e.g., A. Albopictus, Aedes aegypti, Cutex tritaeniorhynchus) or tick cell lines (e.g. RML-14 Dermacentor 
parumapertus). 

It is possible that primary hepatocytes can be cultured, and then infected with HCV; or alternatively, the 
hepatocyte cultures coufd be derived from the livers of infected individuals (e.g.. humans or chimpanzees). 

35 The latter case is an example of a cell which is infected in vivo being passaged in vitro. In addition, various 
immortalization methods can be used to obtain cell-lines derived from hepatocyte cultures. For example, 
primary liver cultures (before and after enrichment of the hepatocyte population) may be fused to a variety 
of cells to maintain stability. For example, also, cultures may be infected with transforming viruses, or 
transfected with transforming genes in order to create permanent or semipermanent cell lines. In addition, 

40 for example, cells in liver cultures may be fused to established cell lines (e.g., HepG2 ). Methods for cell 
fusion are known in the art, and include, for example, the use of fusion agents such as polyethylene glycol, 
Sendai Virus, and Epstein-Barr virus. 

As discussed above, HCV is a Flavivirus or Flavi-like virus. Therefore, it is probable that HCV infection 
of celt lines may be accomplished by techniques known in the art for infecting cells with Flaviviruses. These 

45 include, for example, incubating the cells with viral preparations under conditions which allow viral entry into 
the cell. In addition, it may be possible to obtain viral production by transfecting the cells with isolated viral 
polynucleotides. It is known that Togavirus and Flavivirus RNAs are infectious in a variety of vertebrate cell 
lines (Pfefferkorn and Shapiro 1974)), and in a mosquito cell line (Peleg (1969)). Methods for transfecting 
tissue culture cells with RNA duplexes, positive stranded RNAs, and DNAs (including cDNAs) are known in 

so the art, and include, for example, techniques which use electroporation, and precipitation with DEAE- 
Dextran or calcium phosphate. An abundant source of HCV RNA can be obtained by performing in vitro 
transcription of an HCV cDNA corresponding to the complete genome. Transfection with this material, or 
with cloned HCV cDNA should result in viral r plication and the in vitro propagation of the virus. 

In addition to cultured cells, animal model systems may be used for viral replication; animal systems in 

55 which flaviviruses ar known to those of skill in the art (See, for example, the r view by Monath (1986)). 
Thus, HCV replication may occur not only in chimpanzees, but also in, for example, marmosets and 
suckling mice. 
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ILL Screening for Anti-Viral Agents for HCV 

The availability of cell culture and animal model systems for HCV also makes possible screening for 
ar.tt-v.ral agents which inhibit HCV replication, and particularly for those agents which preferentially allow 
cell growth and multiplication while inhibiting viral replication. These screening methods are known by those 
of sk.ll .n the art. Generally, the anti-viral agents are tested at a variety of concentrations, for their effect on 
preventing v.ral replication in cell culture systems which support viral replication, and then for an inhibition 
of .nfect.v.ty or of viral pathogenicity (and a low level of toxicity) in an animal model system 

The methods and compositions provided herein for detecting HCV antigens and HCV polynucleotides 
are useful for screening of anti-viral agents in that they provide an alternative, and perhaps more sensitive 
means, for detecting the agent's effect on viral replication than the cell plaque assay or ID 5C assay For 
example, the HCV-polynucleotide probes described herein may be used to quantitate the amount of viral 
nucleic ac.d produced in a cell culture. This could be accomplished, for example, by hybridization or 
competition hybridization of the infected cell nucleic acids with a labeled HCV-polynucleotide probe For 
example, also. ant.-HCV antibodies may be used to identify and quantitate HCV antigen(s) in the cell culture 
ut.liz.ng the immunoassays described herein. In addition, since it may be desirable to quantitate HCV 
a nM ft en l m,eCted Ce " CU ' tUre by 3 com P etition ^say. the polypeptides encoded within the HCV 
cDNAs described herein are useful in these competition assays. Generally, a recombinant HCV polypeptide 
derived rom the HCV cDNA would be labeled, and the inhibition of binding of this labeled polypeptide to an 
HCV polypeptide due to the antigen produced in the cell culture system would be monitored. Moreover 
these techniques are particularly useful in cases where the HCV may be able to replicate in a cell line 
without causing cell death. 



II M - Preparation of Attenuated Strains of HCV 

In addition to the above, utilizing the tissue culture systems and/or animal model systems it may be 
possible to isoate attenuated strains of HCV. These strains would be suitable for vaccines, or for the 
isolation of viral antigens, Attenuated strains are isolatable after multiple passages in cell culture and/or an 
animal model. Detect.on of an attenuated strain in an infected cell or individual is achievable by techniques 
known ,n the art. and could include, for example, the use of antibodies to one or more epitopes encoded in 
HCV as a probe or the use of a polynucleotide containing an HCV sequence of at least about 8 nucleotides 

infoZTnn n, HrT V ^ Z J" additi ° n ' attenUa,ed Strai " may be cons t™ted utilizing the genomic 
information of HCV provided herem. and utilizing recombinant techniques. Generally, one would attempt to 
delete a reg.on of the genome encoding, for example, a polypeptide related to pathogenicity, but which 
allows v,ra replication. In addition, the genome construction would allow the expression of an epitope which 
IZVZ " e v u,ra, '^9. antibodies <° r "CV- The altered genome could then be utilized to transform cells 
wh, C h allow HCV replication, and the cells grown under conditions to allow viral replication. Attenuated HCV 
strains are useful not only for vaccine purposes, but also as sources for the commercial production of viral 
antigens, since the processing of these viruses would require less stringent protection measures for the 
employees involved m viral production and/or the production of viral products. 



III. General Methods 



The general techniques used in extracting the genome from a virus, preparing and probing a cDNA 
«™ ! eq h UenCm9 rf . Cl0neS ' consfru «ing expression vectors, transforming cells, performing immunological 
HT^L"! r h ad,0 : mmUn ° aSSayS 3nd EUSA aSSayS ' ,or 9 f0win 9 cel,s in culture, and the .ike are known 

fniio Tl ? manUa ' S m avaHable describin 9 th *se techniques. However, as a general guide. 

rarry^g mem'o t ^ S ° UrCeS aV3i ' ab,e ** SUCh Pr ° CedUfeS ' 3nd for materials useful 



III A - H °sts and Expression Control Sequences 

whpflnn^ 0 " 3 ? 01 ' 0 andeukaryotic host cells ™y be used for expression of desired coding sequences 

SotLiSTE? f*? SeqUenCeS *** ^ C ° mPatib ' e With ,he deSi 9 na,ed hos < are used Among 
prokaryotic hosts. E. coh .s most frequently used. Expression control sequences for prokaryotes include 
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promoters, optionally containing operator portions, and ribosome binding sites. Transfer vectors compatible 
with prokaryotic hosts are commonly derived from, for example. pBR322, a plasmid containing operons 
conferring ampicillin and tetracycline resistance, and the various pUC vectors, which also contain se- 
quences conferring antibiotic resistance markers. These markers may be used to obtain successful 

5 transformants by sel ction. Commonly used prokaryotic control sequences include the Beta-lactamase 
(penicillinase) and lactose promoter systems (Chang et al. (1977)). the tryptophan (trp) promoter system 
(Goeddel et al. (1980)) and the lambda-derived P L promoter and N gene ribosome binding site (Shimatake' 
et al. (1981)) and the hybrid tac promoter (De Boer et al. (1983)) derived from sequences of the trp and lac 
UV5 promoters. The foregoing~systems are particularly compatible with E. coH: if desired, other prokaryotic 

;o hosts such as strains of Bacillus or Pseudomonas may be used, with corresponding control sequences. 

Eukaryotic hosts include yeast and mammalian cells in culture systems. Saccharomyces cerevisiae and 
Saccharomyces carlsbergensis are the most commonly used yeast hosts, and are convenient fungal hosts. 
Yeast compatible vectors carry markers which permit selection of successful transformants by conferring 
prototrophy to auxotrophic mutants or resistance to heavy metals on wild-type strains. Yeast compatible 

15 vectors may employ the 2 micron origin of replication (Broach et al. (1983)), the combination of CEN3 and 
ARS1 or other means for assuring replication, such as sequences which will result in incorporation of an 
appropriate fragment into the host cell genome. Control sequences for yeast vectors are known in the art 
and include promoters for the synthesis of glycolytic enzymes (Hess et al. (1968); Holland et al. (1978)). 
including the promoter for 3 phosphoglycerate kinase (Hitzeman (1980)). Terminators may also be included. 

20 such as those derived from the enolase gene (Holland (1981)). Particularly useful control systems are those 
which comprise the glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohol de- 
hydrogenase (ADH) regulatable promoter, terminators also derived from GAPDH, and if secretion is desired, 
leader sequence from yeast alpha factor. In addition, the transcriptional regulatory region and the transcrip- 
tional initiation region which are operably linked may be such that they are not naturally associated in the" 

25 wild-type organism. These systems are described in detail in EPO 120.551. published October 3. 1984: 
EPO 116,201, published August 22, 1984: and EPO 164.556, published December 18. 1985. all of which are 
assigned to the herein assignee, and are hereby incorporated herein by reference. 

Mammalian cell lines available as hosts for expression are known in the art and include many 
immortalized cell lines available from the American Type Culture Collection (ATCC), including HeLa cells. 

30 Chinese hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, and a number of other cell lines. 
Suitable promoters for^ mammalian cells are also known in the art and include viral promoters such as that 
from Simian Virus 40 (SV40) (Hers (1978)). Rous sarcoma virus (RSV), adenovirus (ADV), and bovine 
papilloma virus (BPV). Mammalian cells may also require terminator sequences and poly A addition 
sequences: enhancer sequences which increase expression may also be included, and sequences which 

3S cause amplification of the gene may also be desirable. These sequences are known in the art. Vectors 
suitable for replication in mammalian cells may include viral replicons. or sequences which insure 
integration of the appropriate sequences encoding NANBV epitopes into the host genome. 



40 HLB. Transformations 



Transformation may be by any known method for introducing polynucleotides into a host cell, including, 
for example packaging the polynucleotide in a virus and transducing a host cell with the virus, and by direct 
uptake of the polynucleotide. The transformation procedure used depends upon the host to be transformed. 

45 For example, transformation of the E. coli host cells with Iambda-gt11 containing BB-NANBV sequences is 
discussed in the Example section, infra. Bacterial transformation . by direct uptake generally employs 
treatment with calcium or rubidium chloride (Cohen (1972): Maniatis (1982)). Yeast transformat.on by direct 
uptake may be carried out using the method of Hinnen et al. (1978). Mammalian transformations by direct 
uptake may be conducted using the calcium phosphate precipitation method of Graham and Van der Eb 

so (1 978), or the various known modifications thereof. 



55 



lit .0. Vector Construction 



Vector construction employs techniques which are known in the art. Site-specific DNA cleavage is 
performed by treating with suitable restriction enzymes under conditions which generally are specified by 
the manufactur r of these commercially available enzymes. In general, about 1 microgram of plasm .d or 
DNA s quence is cleaved by 1 unit of enzyme in about 20 microliters buffer solution by .ncubanon of 1-2 hr 
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at 37 C. After incubation with the restriction enzyme, protein is removed by phenol/chloroform extraction 
and the DNA recovered by precipitation with ethanol. The cleaved fragments may be separated using 
polyacrylamide or agarose gel electrophoresis techniques, according to the general procedures found in 
Methods in Enzymology (1980) 65:499-560. 

5 Sticky ended cleavage fragments may be blunt ended using E. coli DNA polymerase I (Klenow) in the 
presence of the appropriate deoxynucleotide triphosphates (dNTPs) present in the mixture. Treatment with 
S1 nuclease may also be used, resulting in the hydrolysis of any single stranded DNA portions. 

Ligations are carried out using standard buffer and temperature conditions using T4 DNA ligase and 
ATP; sticky end ligations require less ATP and less ligase than blunt end ligations. When vector fragments 

jo are used as part of a ligation mixture, the vector fragment is often treated with bacterial alkaline 
phosphatase (BAP) or calf intestinal alkaline phosphatase to remove the 5'-phosphate and thus prevent 
religation of the vector; alternatively, restriction enzyme digestion of unwanted fragments can be used to 
prevent ligation/ 

Ligation mixtures are transformed into suitable cloning hosts, such as E. coli. and successful transfor- 
ms mants selected by, for example, antibiotic resistance, and screened for the correct construction. 



HI D- Construction of Desired DNA Sequences 

20 Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as de- 
scribed by Warner (1984). If desired the synthetic strands may be labeled with 32 P by treatment with 
polynucleotide kinase in the presence of 32 P-ATP, using standard conditions for the reaction. 

DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, 
including, for example site directed mutagenesis, as described by Roller (1982). Briefly, the DNA to be 

25 modified is packaged into phage as a single stranded sequence, and converted to a double stranded DNA 
. with DNA polymerase using, as a primer, a synthetic oligonucleotide complementary to the portion of the 
DNA to be modified, and having the desired modification included in its own sequence. The resulting 
double stranded DNA is transformed into a phage supporting host bacterium. Cultures of the transformed 
bacteria, which contain replications of each strand of the phage, are plated in agar to obtain plaques. 

30 Theoretically, 50% of the new plaques contain phage having the mutated sequence, and the remaining 50% 
have the original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization with the correct strand, but not with the unmodified 
sequence. The sequences which have been identified by hybridization are recovered and cloned. 

35 

IH-E. Hybridization with Probe 

DNA libraries may be probed using the procedure of Grunstein and Hogness (1975). Briefly, in this 
procedure, the DNA to be probed is immobilized on nitrocellulose filters, denatured, and prehybridized with 

to a buffer containing 0-50% formamide, 0.75 M NaCL 75 mM Na citrate. 0.02% (wt/v) each of bovine serum 
albumin, polyvinyl pyrollidone. and Rcoll. 50 mM Na Phosphate (pH 6.5), 0.1% SDS, and 100 
micrograms/ml carrier denatured DNA. The percentage of formamide in the buffer, as well as the time and 
temperature conditions of the prehybridization and subsequent hybridization steps depends on the strin- 
gency required. Oligomeric probes which require lower stringency conditions are generally used with low 

45 percentages of formamide. lower temperatures, and longer hybridization times. Probes containing more than 
30 or 40 nucleotides such as those derived from cDNA or genomic sequences generally employ higher 
temperatures, e.g., about 40-42* C, and a high percentage, e.g.. 50%, formamide. Following prehybridiza- 
tion, 5 - 32 P-labeled oligonucleotide probe is added to the buffer, and the filters are incubated in this mixture 
under hybridization conditions. After washing, the treated filters are subjected to autoradiography to show 

so the location of the hybridized probe; DNA in corresponding locations on the original agar plates is used as 
the-source of the desired DNA- 



"'•F. Verification, of Construction and Sequencing 

55 ' 

For routine vector constructions, ligation mixtures are transformed into E. coli strain HB101 or other 
suitable host, and successful transformants selected by antibiotic resistance~oTother markers. Plasmids 
from the transformants are then prepared according to th method of Clewell et al. (1969). usually following 
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chloramphenicol amplification (Clewell (1972)). The DNA is isolated and analyzed, usually by restriction 
enzyme analysis and/or sequencing. Sequencing may be by the dideoxy method of Sanger et al. (1977) as 
further described by Messing et al. (1981), or by the method of Maxam et al. (1980). Problems with band 
compression, which are sometimes observed in GC rich regions, were overcome by use of T- 
5 deazoguanosine according to Barr et al. (1986). 



W.G. Enzymes Linked Immunosorbent Assay 

/o The enzyme-linked immunosorbent assay (ELISA) can be used to measure either antigen or antibody 
concentrations. This method depends upon conjugation of an enzyme to either an antigen or an antibody, 
and uses the bound enzyme activity as a quantitative label. To measure antibody, the known antigen is 
fixed to a solid phase (e.g., a microplate or plastic cup), incubated with test serum dilutions, washed, 
incubated with anti-immunoglobulin labeled with an enzyme, and washed again. Enzymes suitable for 

75 labeling are known in the art, and include, for example, horseradish peroxidase. Enzyme activity bound to 
the solid phase is measured by adding the specific substrate, and determining product formation or 
substrate utilization colorimetrically. The enzyme activity bound is a direct function of the amount of 
antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing 
20 antigen is added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is 
added. After washing, substrate is added, and enzyme activity is estimated colorimetrically. and related to 
antigen concentration. 



25 IV. Examples 

Described below are examples of the present invention which are provided only for illustrative purposes, 
and not to limit the scope of the present invention. In light of the present disclosure, numerous 
embodiments within the scope of the claims will be apparent to those of ordinary skill in the art. The 
3d procedures set forth, for example, in Sections IV.A. may, if desired, be repeated but need not be. as 
techniques are available for construction of the desired nucleotide sequences based on the information 
provided by the invention. Expression is exemplified in E. colir however, other systems are available as set 
forth more fully in Section III.A. Additional epitopes derived from the genomic structure may also be 
produced, and used to generate antibodies as set forth below. 



IV.A. Preparation. Isolation and Sequencing of HCV cDNA 

40 IV.A.1 . Preparation of HCV cDNA 

The source of NANB agent was a plasma pool derived from a chimpanzee with chronic NANBH. The 
chimpanzee had been experimentally infected with blood from another chimpanzee with chronic NANBH 
resulting from infection with HCV in a contaminated batch of factor 8 concentrate derived from pooled 

45 human sera. The chimpanzee plasma pool was made by combining many individuaJ plasma samples 
containing high levels of alanine aminotransferase activity; this activity results from hepatic injury due to the 
HCV infection. Since 1 ml of a 10" 6 dilution of this pooled serum given i.v. caused NANBH in another 
chimpanzee, its CID was at least l0 6 /ml. i.e., it had a high infectious virus titer. 

A cDNA library from the high titer plasma pool was generated as follows. First viral particles were 

so isolated from the plasma; a 90 ml aliquot was diluted with 310 ml of a solution containing 50 mM Tris-HCI. 
pH 8.0, 1mM EDTA, 100 mM NaCI. Debris was removed by centrifugation for 20 min at 15.000 x g at 20 "C. 
Viral particles in the resulting supernatant were then pelleted by centrifugation in a Beckman SW28 rotor at 
28,000 rpm for 5 hours at 20 * C. To releas the viral genom . the particles were disrupted by suspending 
the pellets in 1 5 ml solution containing 1% sodium dodecyl sulfate (SDS). tO^mM EDTA. 10 mM Tris-HCI. 

55 pH 7.5, also containing 2 mg/ml proteinas k. followed by incubation at 45 " C for 90 min. Nucleic acids 
were isolated by adding 0.8 micrograms MS2 bacteriophage RNA as carrier, and extracting tn mixtur four 
times with a 1:1 mixture of phenolrchloroform (phenol saturat d with 0.5M Tris-HCI. pH 7.5. 0.1% (v/v) beta- 
mercaptoethanol, 0.1% (w/v) hydroxyquinolone. followed by extraction two times with chloroform. The 
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aqueous phase was concentrated with 1-butanol prior to precipitation with 2.5 volumes absolute ethanol 
overnight at -20 C. Nucleic acid was recovered by centnfugation in a Beckman SW41 rotor at 40.000 rpm 
for 90 min at 4 C. and dissolved in water that had been treated with 0.05% (vv) diethylpyrocarbonate and 
autociaved. 

Nucleic acid obtained by the above procedure (<2 micrograms) was denatured with 17.5 mM 
CH 3 HgOH; cDNA was synthesized using this denatured nucleic acid as template, and was cloned into the 
EcoRI site of phage lambda-gtn using methods described by Huynh (1985). except that random primers 
replaced oligo(dT) 12-18 during the synthesis of the first cDNA strand by reverse transcriptase (Taylor et al. 
(1976)). The resulting double stranded cDNAs were fractionated according to size on a Sepharose CL-4B 
column; eluted material of approximate mean size 400. 300. 200, and 100 base-pairs were pooled into 
cDNA pools 1. 2, 3. and 4, respectively. The Iambda-gt11 cDNA library was generated from the cDNA in 
pool 3. 

The Iambda-gt11 cDNA library generated from pool 3 was screened for epitopes that could bind 
specifically with serum derived from a patient who had previously experienced NANBH. About 10 s phage 
were screened with patient sera using the methods of Huynh et al. (1985). except that bound human 
antibody was detected with sheep anti-human Ig antisera that had been radio-labeled with 125 1. Five positive 
phages were identified and purified. The five positive phages were then tested for specificity of binding to 
sera from 8 different humans previously infected with the NANBH agent, using the same method. Four of 
the phage encoded a polypeptide that reacted immunologically with only one human serum, i.e.. the one 
that was used for primary screening of the phage library. The fifth phage (5-1-1) encoded a polypeptide that 
reacted immunologically with 5 of 8 of the sera tested. Moreover, this polypeptide did not react im- 
munologically with sera from 7 normal blood donors. Therefore, it appears that clone 5-1-1 encodes a 
polypeptide which is specifically recognized immunologically by sera from NANB patients. 

25 

*V-A.2. Sequences of the HCV cDNA in Recombinant Phage 5-1-1. and of the Polypeptide Encoded Within 
the Sequence. [ 

The cDNA in recombinant phage 5-1-1 was sequenced by the method of Sanger et af. (1977). 
30 Essentially, the cDNA was excised with EcoRI, isolated by size fractionation using gel electrophoresis. The 
EcoRI restriction fragments were subcloned into the M13 vectors, mpl8 and mpl9 (Messing (1983)) and 
sequenced using the dideoxychain termination method of Sanger et al. (1977). The sequence obtained is 
shown in Fig. 1 . 

The polypeptide encoded in Fig. 1 that is encoded in the HCV cDNA is in the same translational frame 
35 as the N-terminal beta-gatactosidase moiety to which it is fused. As shown in Section IV.A.. the translational 
open reading frame (ORF) of 5-1-1 encodes epitope(s) specifically recognized by sera from patients and 
chimpanzees with NANBH infections. 



40 IV.A.3. Isolation of Overlapping HCV cDNA to cDNA in Clone 5-1-1. 



Overlapping HCV cDNA to the cDNA in clone 5-1-1 was obtained by screening the same Iambda-gt11 
library, created as described in Section [V.A.I.. with a synthetic polynucleotide derived from the sequence of 
the HCV cDNA in clones 5-1-1, as shown in Fig: i. The sequence of the polynucleotide used for screening 
45 was: 

5'-TCC CTT GCT CGA TGT ACQ GTA AGT GCT GAG AGC ACT CTT CCA TCT CAT CGA ACT CTC GGT 
AGA GGA CTT CCC TGT CAG GT-3'. 

so The Iambda-gtl1 library was screened with this probe, using the method described in Huynh (1985). 

Approximately-1-in-50.000-clones -hybridized"with the^probe/ Three clones which contained "(SDN As which 

hybridized with the synthetic probe have been numbered 81. 1-2. and 91. 



55 IV.A.4. Nucleotide Sequences of Overlapping HCV cDNAs to cDNA in Clone 5-1 -1 . 

The nucleotide sequences of the three cDNAs in clones 81. 1-2. and 91 were determined essentially as 
tn Section IV.A.2. The sequences of these clones relative to the HCV cDNA sequence in phage 5-1-1 is 
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shown in Fig. 2, which shows the strand encoding the detected HCV epitope, and where the homologies in 
the nucleotide sequences are indicated by vertical lines between the sequences. 

The sequences of the cloned HCV cDNAs are highly homologous in the overlapping regions (see Fig. 
2). However, there are differences in two regions. Nucleotide 67 in clone 1-2 is a thymidine, whereas the 
other three clones contain a cytidine residue in this position. It should be noted, however, that the same 
amino acid is encoded when either C or T occupies this position. 

The second difference is that clone 5-1-1 contains 28 base pairs which are not present in the other 
three clones. These base pairs occur at the start of the cDNA sequence in 5-1-1. and are indicated by small 
letters. Based on radioimmunoassay data, which is discussed infra in Section IV.D., it is possible that an 
HCV epitope may be encoded in this 28 bp region. 

The absence of the 28 base pairs of 5-1-1 from clones 81, 1-2, and 91 may mean that the cDNA in 
these clones were derived from defective HCV genomes; alternatively, the 28 bp region could be a terminal 
artifact in clone 5-1-1. 

The sequences of small letters in the nucleotide sequence of clones 81 and 91 simply indicate that 
these sequences have not been found in other cDNAs because cDNAs overlapping these regions were not 
yet isolated. 

A composite HCV cDNA sequence derived from overlapping cDNAs in clones 5-1-1, 81, 1-2 and 91 is 
shown in Fig. 3. However, in this figure the unique 28 base pairs of clone 5-1-1 are omitted. The figure also 
shows the sequence of the polypeptide encoded within the ORF of the composite HCV cDNA. 

IV.A.5. Isolation of Overlapping HCV cDNAs to cDNA in Clone 81 . 

The isolation of HCV cDNA sequences upstream of, and which overlap, those in clone 81 cDNA was 
accomplished as follows. The lambda-gtn cDNA library prepared as described in Section IV.A.1. was 
screened by hybridization with a synthetic polynucleotide probe which was homologous to a S terminal 
sequence of clone 81. The sequence of clone 81 is presented in Fig. 4. The sequence of the synthetic 
polynucleotide used for screening was: 

5' CTG TCA GGT ATG ATT GCC GGC TTC CCG GAC 3'. 

The methods were essentially as described in Huynh (1985). except that the library filters were given two 
washes under stringent conditions, i.e.. the washes were in 5 x SSC, 0.1% SDS at 55 *C for 30 minutes 
each. Approximately 1 in 50.000 clones hybridized with the probe. A positive recombinant phage which 
contained cDNA which hybridized with the sequence was isolated and purified. This phage has been 
numbered clone 36. 

Downstream cDNA. sequences, which overlaps the carboxyl-end sequences in clone 81 cDNA were 
isolated using a procedure similar to that for the isolation of upstream cDNA sequences, except that a 
synthetic oligonucleotide probe was prepared which is homologous to a 3 terminal sequence of clone 81 . 
The sequence of the synthetic polynucleotide used for screening was: 

5' TTT GGC TAG TGG TTA GTG GGC TGG TGA CAG 3' 

A positive recombinant phage, which contained cDNA which hybridized with this latter sequence was 
isolated and purified, and has been numbered clone 32. 



IV-A.6. Nucleotide Sequence of HCV cDNA in Clone 36. 

The nucleotide sequence of the cDNA in clone 36 was determined essentially as described in Section 
IV.A.2. The double-stranded sequence of this cDNA, its region of overlap with the HCV cDNA in clone 81 , 
and the polypeptide encoded by the ORF are shown in Fig. 5. 

The ORF in clone 36 is in the same translations frame as the HCV antigen encoded in clone 81 . Thus, 
in combination, the ORFs in clones 36 and 81 encode a polypeptide that represents part of a large HCV 
antigen. The sequenc of this putative HCV polypeptide and the double stranded DNA sequ nee encoding 
it. which is derived from the combined ORFs of the HCV cDNAs of clones 36 and 81, is shown in Fig. 6. 
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IVA ~ Nucleotide Sequences of HCV cDNA in Clone 32 

c , The ,wfo°! ide S6qUenCe ° f thS C ° NA in d0ne 32 was determi "ed essentially as was that described in 
Section IV.A.2 for the sequence of clone 5-1-1. The sequence data indicated that the cDNA in clone 32 
recomb.nant phage was derived from two different sources. One fragment of the cDNA was comprised of 
418 nucleolus derived from the HCV genome; the other fragment was comprised of 172 nucleotides 
derived from the bacteriophage MS2 genome, which had been used as a carrier during the preparation of 
the lambda gt1 1 plasma cDNA library. 

The sequence of the cDNA in clone 32 corresponding to that of the HCV genome is shown in Fig 7 
The reg.on of the sequences that overlaps that of clone 81. and the polypeptide encoded by the ORF are 
also .noicated ,n the figure. This sequence contains one continuous ORF that is in the same translational 
frame as the HCV antigen encoded by clone 81 . 



IV - A -8 Isolation of Overlapping HCV cDNA to cDNA in Clone 36 

The isolation of HCV cDNA sequences upstream of. and which overlap those in clone 36 cDNA was 
accomphshed as described in Section IV.A.5. for those which overlap clone 81 cDNA. except that the 
synthet.c polynucleotide was based on the 5 -region of clone 36. The sequence of the synthetic poly- 
nucleotide used for screening was: 

5' AAG CCA CCG TGT GCG CTA GGG CTC AAG CCC 3' 

Approximately 1 in 50.000 clones hybridized with the probe. The isolated, purified clone of recombinant 
phage wh.ch contained cDNA which hybridfzed to this sequence was-named clone 35. 



IV A -9 Nucleotide Sequence of HCV cDNA in Clone 35 

The nucleotide sequence of the cDNA in clone 35 was determined essentially as described in Section 
IV.A.2. The sequence, its region of overlap with that of the cDNA in clone 36. and the putative polypeptide 
encoded therein, are shown in Fig. 8. 

, ra nS ne apparen [! y contains 3 sin 9 ,e - continuous ORF that encodes a polypeptide in the same 
taxational frame as that encoded by clone 36. clone 81. and clone 32. Fig. 9 shows the sequence of the 
long continuous ORF that extends through clones 35. 36. 81. and 32. along with the putative HCV 
polypepfde encoded therein. This combined sequence has been confirmed using other independent cDNA 
clones derived from the same lambda gtl 1 cDNA library. 

IV A1 °- Isolation £f Overlapping HCV cDNA to cDNA in Clone 35 

The isolation of HCV cDNA sequences upstream of, and which overlap those in clone 35 cDNA was 
accomplished as described in Section IV.A.8. for those which overlap clone 36 cDNA. except that the 
syn hetic polynucleotide was based on the 5 -region of clone 35. The sequence of the synthetic poly- 
nucleotide used for screening was: 

5' CAG GAT GCT GTC TCC CGC ACT CAA CGT 3' 

onZT^r V" 5 H°n 0 M A C, °1 eS hybridi2ed W,th the Pr ° be - The iS0,ated - purified cl °" e ° f recombinant 
phage wh.ch contamed cDNA which hybridized to this sequence was named clone 37b. 



IV A n - Nucleotide Sequence of HCV in Clone 37b 

The nucleotide sequence of the cDNA in clone 37b was determined essentially as described in Section 

pn'^rtJ^ SeqUence; * ts region of overla P with that of the cDNA in clone 35. and the putative polypeptide 
encoded therein, are shown in Fig. 10. ,H H 

The 5'-terminal nucleotide of clone 35 is a T. whereas the corresponding nucleotide in clone 37b is an 
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A. The cDNAs from three other independent clones which were isolated during the procedure in which 
clone 37b was isolated, described in Section IV.A.10. have also been sequenced. The cDNAs from these 
clones also contain an A in this position. Thus, the 5-terminal T in clone 35 may be an artefact of the 
cloning procedure. It is known that artefacts often arise at the 5 -termini of cDNA molecules. 
5 Clone 37b apparently contains one continuous ORF which encodes a polypeptide which is a continu- 
ation of the polypeptide encoded in the ORF which extends through the overlapping clones 35, 36. 81 and 
32. 



70 IV.A.12 Isolation of Overlapping HCV cDNA to cDNA in Clone 32 

The isolation of HCV cDNA sequences downstream of clone 32 was accomplished as follows. First, 
clone cla was isolated utilizing a synthetic hybridization probe which was based on the nucleotide sequence 
of the HCV cDNA sequence in clone 32. The method was essentially that described in Section IV.A.5. 
75 except that the sequence of the synthetic probe was: 

5' AGT GCA GTG GAT GAA CCG GCT GAT AGC CTT 3'. 



Utilizing the nucleotide sequence from clone cla, another synthetic nucleotide was synthesized which 
20 had the sequence: 

5' TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3'. 

Screening of the lambda gtn library using the clone cla derived sequence as probe yielded approximately 
25 1 in 50,000 positive colonies. An isolated, purified clone which hybridized with this probe was named clone 
33b. 



IV.A.13 Nucleotide Sequence of HCV cDNA in Clone 33b 

30 

The nucleotide sequence of the cDNA in clone 33b was determined essentially as described in Section 
IV.A.2. The sequence, its region of overlap with that of the cDNA in clone 32. and the putative polypeptide 
encoded therein, are shown in Fig. 11. 

Clone 33b apparently contains one continuous ORF which is an extension of the ORFs in overlapping 
35 clones 37b, 35. 36. 81 and 32. The polypeptide encoded in clone 33b is in the same transtational frame as 
that encoded in the extended ORF of these overlapping clones. 



IV.A.14 Isolation of Overlapping HCV cDNAs to cDNA Clone 37b and to cDNA in Clone 33b 

40 

In order to isolate HCV cDNAs which overlap the cDNAs in clone 37b and in clone 33b, the following 
synthetic oligonucleotide probes, which were derived from the cDNAs in those clones, were used to screen 
the lambda gt1 1 library, using essentially the method described in Section IV.A.3. The probes used were: 

45 5' CAG GAT GCT GTC TCC CGC ACT CAA CGT C 3' 
and 

5' TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3' 

to detect colonies containing HCV cDNA sequences which overlap those in clones 37b and 33b. 
50 respectively. Approximately 1 in 50.000 colonies were detected with each probe. A clone which contained 
cDNA which was upstream of, and which overlapped the cDNA in clone 37b. was named clone 40b. A clone 
which contained cDNA which was downstream of. and which overlapped the cDNA in clone 33b was named 
clone 25c. 



55 



IV.A.1 5 Nucleotide Sequenc s.of HCV cDNA in clone 40b and in clone 25c 

The nucleotide sequences of the cDNAs in clone 40b and in clone 25c were determined essentially as 
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described in Section IV.A.2. The sequences of 40b and 25c. their reg.ons of overlap with the cDNAs in 
FigTs (clonic) ^ ^ PUtatiVS p0,ypep,ides encoded there,n - are shown in Fig. 12 (clone 40b) and 

The s'-terminal nucleotide of clone 40b is a G. However, the cDNAs from five other independent clones 
which were isolated during the procedure in which clone 40b was isolated, described in Section IV A 14 
have also been sequenced. The cDNAs from these clones also contain a T in this position. Thus, the G may 
represent a cloning artifact (see the discussion in Section IV. A. 1 1) 

The 5 -terminus of clone 25c is ACT. but the sequence of this region in clone cla (sequence not 
shown), and m done 33b is TCA. This difference may also represent a cloning artifact, as may the 28 extra 
5 -terminal nucleotides in clone 5-1-1. 

Clones 40b and 25c each apparently contain an ORF which is an extension of the continuous ORF in 
the Previously sequenced clones. The nucleotide sequence of the ORF extending through clones 40b. 37b 
J5. 36. 81 32. 33b. and 25c. and the amino acid sequence of the putative polypeptide encoded therein are 
shown in F,g. 14. In the figure, the potential artifacts have been omitted from the sequence, and instead the 
corresponding sequences in non-5 -terminal regions of multiple overlapping clones are shown. 

IV.A.16. Preparation of a Composite HCV cDNA from the cDNAs in Clones 36. 81, and 32 

The composite HCV cDNA. C100. was constructed as follows. First the cDNAs from the clones 36 81 
and 32 were excised with EcoRI. The EcoRI fragment of cDNA from each clone was cloned individually' into 
the EcoRI site of the vector pGEM3-blue (Promega Biotec). The resulting recombinant vectors which 

* , th * CDNAS from clones 36 - 81 • ^d 32 were named pGEM3-blue/36. pGEM3-blue/81 . and 
pGEM3-blue/32. respectively. The appropriately oriented recombinant of pGEM3-blue/81 was digested with 
Nae and Narl. and the large (-2850bp) fragment was purified and ligated with the small (-570bp) Nael/Narl 
purified restnction fragment from pGEMS-blue/36. This composite of the cDNAs from clones 36 and 81 was 
used to generate another P GEM3-blue vector containing the continuous HCV ORF contained within the 
overlapping cDNA w.thin these clones. This new plasmid was then digested with Pvull and EcoRI to release 
a fragment of approximately 680bp. which was then ligated with the small (580bp) Pvull/EcoRI fragment 
isolated from the appropriately oriented P GEM3-blue/32 plasmid. and the composite cDNA from clones 36 
81 and 32 was l.gated into the EcoRI linearized vector pSODcM. which is described in Section IV.B.1 and 
rnn.nJS hpu V^T ^ ^ ****** ^"^"ants containing the -1270bp EcoRI fragment of 
purified W6re S6leCted ' thS CDNA '- 0m the P ' aSmidS was excised wi,h EcoRI and 

I£A_17. Isolation and Nucleotide Sequences of HCV cDNAs in Clones I4i. 1 1b. 7f. 7e. 8h. 33c. 14c 8f 33f 
oog, and 39c — — — — — — — i 1 

te rhL h o! a H S V C ?? AS C '° neS 14i> 11bl 71 7e - 8h ' 33c ' 14c " 8f ' 33f - 33 9. and 39c were isolated by the 
v a £ ° Verlapping cDNA ,ra 9 ments from *e lambda gtn library of HCV cDNAs described 
'" Section IV.A.1 The technique used was essentially as described in Section IV.A.3.. except that the 

ZTJZ W r TulT ,r ° m ' he nUC ' e0tide Sequence °' the ,ast isolated clo "es from the 5 and the 3' 
end of the combined HCV sequences. The frequency of clones which hybridized with the probes described 
below was approximately 1 in 50.000 in each case. 

The nucleotide sequences of the HCV cDNAs in clones 14i. 7f, 7e. 8h. 33c. 14c. 8f. 33f. 33g. and 39c 

* ZTT' 33 d6SCribed in SeCti0n ,V A2 - except *» the cDNA excised from these 
phages were substituted for the cDNA isolated from clone 5-1-1. 

Clone 33c was isolated using a hybridization probe based on the sequence of nucleotides in clone 40b 
to isZe 3T^ Q - enCe -°^° ne — iS - Pr !!- e " ,ed in _. Rg - .! 2 I JH?. nuclide seq^nce_qf_the prpbe_used_ 



5' ATC AGG ACC GGG GTG AGA ACA ATT ACC ACT 3' 

IhthTT °' ? HCV C ° NA in d ° ne 33Cl 3nd the 0verlap with ,hat in «™ <0b. is shown in Fig. 15. 
wh.ch also shows the amino acids encoded therein. • 

n ,JHZ!? 8h >S0 ! aieCi USinQ 3 pf0be based on the sec f«ence of nucleotides in clone 33c. The 
nucleotide sequence of the probe was 
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5' AG A GAC AAC CAT GAG GTC CCC GGT GTT C 3'. 

The sequence of the HCV cDNA in clone 8h. and the overlap with that in clone 33c. and the amino acids 
5 encoded therein, are shown in Fig. 16. 

Clone 7e was isolated using a probe based on the sequence of nucleotides in clone 8h. The nucleotide 
sequence of the probe was 

5' TCG GAC CTT TAC CTG GTC ACG AGG CAC 3'. 

70 

The sequence cf HCV cDNA in clone 7e, the overlap with clone 8h f and the amino acids encoded therein, 
are shown in Fig. 17. 

Clone 14c was isolated with a probe based on the sequence of nucleotides in clone 25c. The sequence 
of clone 25c is shown in Fig. 13. The probe in the isolation of clone 14c had the sequence 

75 

5' ACC TTC CCC ATT AAT GCC TAC ACC ACG GGC 3*. 

The sequence of HCV cDNA in clone 14c, its overlap with that in clone 25c. and the, amino acids encoded 
therein are shown in Fig. 18. 
20 Clone 8f was isolated using a probe based on the sequence of nucleotides in clone 1 4c. The nucleotide 
sequence of the probe was 

5' TCC ATC TCT CAA GGC AAC TTG CaC CGC TAA 3'. 

25 The sequence of HCV cDNA in clone 8f. its overlap with that in clone 14c. and the amino acids encoded 
therein are shown in Fig. 19. 

Clone 33f was isolated using a probe based on the nucleotide sequence present in clone 8f. The 
nucleotide sequence of the probe was 

30 ' 5 TCC ATG GCT GTC CGC TTC CAC CTC CAA AGT 3'. 

The sequence of HCV cDNA in clone 33f, its overlap with that in clone 8f, and the amino acids encoded 
therein are shown in Fig. 20. 

Clone 33g was isolated using a probe based on the sequence of nucleotides in clone 33f. The 
35 nucleotide sequence of the probe was 

5' GCG ACA ATA CGA CAA CAT CCT CTG AGC CCG 3'. 

The sequence of HCV cDNA in clone 33g, its overlap with that in clone 33f. and the amino acids encoded 
40 therein are shown in Fig. 21. 

Clone 7f was isolated using a probe based on the sequence of nucleotides in clone 7e. The nucleotide 
sequence of the probe was 

5' AGC AGA CAA GGG GCC TCC TAG GGT GCA TAA T 3'. 

45 

The sequence of HCV cDNA in clone 7f, its overlap with clone 7e, and the amino acids encoded therein are 
shown in Fig. 22. 

Clone 11b was isolated using a probe based on the sequence of clone 7f. The nucleotide sequence of 
the probe was 

50 

5' CAC CTA TGT TTA TAA CCA TCT CAC TCC TCT 3'. 

The sequence of HCV cDNA in clone 11b, its overlap with clone 7f. and the amino acids encoded ther in 
are shown in Fig. 23. 

55 Clone I4i was isolated using a probe based on the sequence of nucleotides in clone 11b. The 
nucleotide sequence of the probe was 

5' CTC TGT CAC CAT ATT ACA AGC GCT ATA TCA 3. 
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swVnT^^ 0 ' in C '° 0e '*■ " S "* «» <* «*» «*» ««*d there.n are 

5 CTC GTT GCT ACG TCA CCA CAA TTT GGT GTA 3 

« JZTrJ 25 CV CDNA " C '° ne 39Cl ° Ver,aP Wi ' h C ' 0ne 339 ' 3nd the amin0 acids ^rein 

1VA18. The Composite HCV cDNA Sequence Derived from Isolated Clones Containing HCV cDNA 

The t H< r!i?™ A se ^ enc ^ ^ the isolated clones described supra have been aligned to create a 

^Ob 37 * f?e\?V™ iS °' ated C ' 0neS - 3,i9ned in the 5 ' ,0 3 ' d "«*>" -1 14i 7, 7e 8h 

40b * 37b - 35 - 36 - 81. 32, 33b. 25c. 14c. 8f. 33f, 33g t and 39c • • ° . 

therl C S^ SeQUenCe d6riVed ,r ° m ^ iS0 ' ated C,0neS ' " «* "*» ac ' ds -oded 

rinnT £ eati ° 9 . COmposi,e sec ' uence tne 'o"°*ving sequence heterogeneities have been considered 
c one 33c as 7 *" T °' 8 °° 6356 ^ WhiCh 0Ve " apS the ' DNAs " clone, L Td 37c In 
SecL VA tlT h 3 p S ; ° th6r ° verla *> inQ clones - nuctaoti* #789 is a G. However, in Cone 37b Jsee 
hete ooeneit n h. ""^"J" 9 nucleotide is a " A - ™. sequence difference creates an apparent 
^nlT ? V L ° aC ' dS enC ° ded therein ' which would be either CYS or TYR for G or A 

respect-vely. Th,s heterogeneity may have important ramifications in terms of protein folding 

residu^ rc one"; r s e an 2 A n C '° ne * ^ CDNA iS 3 T ' H °^ aS ^ corresponding 

Thus ^ the T 'In P 7T ^ A " thiS P0SitiO " iS alS ° ,0und in 3 other isol ^ed overlapping 
^ 8h ^ repreS - 3 Cl0 "'^ ^refore. in Fig. 26. the residue i 

33f ^ ?nT 0 Zf ni T° ,ide C '° ne * HCV CDNA iS 3 G - H0wever ' the corresponding residue in Cone 
331. and m 2 other overlapp.ng Cones ,s a T. Therefore, in Fig. 26. the residue in this position is designed 

clonic and m L na i 'tST** T C '° ne ^ C ° NA iS ^ H ° wever " the corresponding sequence in 
Resented as ^ * ^ * 26 " < he corresponding^ is 

cSe^TZZtZ #4 " 339 CDNA " 3 T - H ° Wever ' Clone 33f and - ^ other overlapping 
Cones the corresponding residue is an A. Therefore, in Fig. 26. the corresponding residue is designated as 

,J 0 ; e ~ * ~» tt, and in 

The resolution of other sequence heterogeneities is discussed supra 
,h,t ». e " am ,'" a " 0n °' me c ° mM5ile HCV ">NA indicates that it contains one large OHF This suqoests 

iis^ssl" " an " a,M w ° a ,arse wwwde * h 15 ~ <™. 

IV A t 9. isolation and Nucleotide Sequences ol HCV cnM;. in r-i^ ■ * ^ ^ 

deJL H fn v S,i\T:,,ce„; Z 2*1 M ,Se T ,st " a ' e< ' * "» 

The isolation of clone I2f. which contains cDNA uostream of the HCV cDNA in Flo 9tt «,« 
5 TGC TTG TGG ATG ATG CTA CTC ATA TCO CAA 3'. 
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The HCV cDNA sequence of clone 12f. its overlap with clone 14i. and the amino acids encoded therein are 
shown in Fig. 27. 

The isolation of clone 35f, which contains cDNA downstream of the HCV cDNA in Fig. 26. was 
5 accomplished using a hybridization probe based on the sequence of nucleotides in clone 39c. The 
nucleotide sequence of the probe was 

5' AGC AGC GGC GTC AAA AGT GAA GGC TAA CTT 3'. 

70 The sequence of clone 35f, its overlap with the sequence in clone 39c, and the amino acids encoded 
therein are shown in Fig. 28. 

The isolation of clone I9g was accomplished using a hybridization probe based on the 3 sequence of 
clone 35f. The nucleotide sequence of the probe was 

75 5 TTC TCG TAT GAT ACC CGC TGC TTT GAC TCC 3*. 

The HCV cDNA sequence of clone I9g, its overlap with the sequence in clone 35f, and the amino acids 
encoded therein are shown in Fig. 29. 

The isolation of clone 26g was accomplished using a hybridization probe based on the 3 sequence of 
20 clone I9g. The nucleotide sequence of the probe was 

5' TGT GTG GCG ACG ACT TAG TCG TTA TCT GTG 3'. 

The HCV cDNA sequence of clone 26g, its overlap with the sequence in clone I9g, and the amino 
25 acids encoded therein are shown in Fig. 30. 

Clone 15e was isolated using a hybridization probe based on the 3 sequence of clone 26 g. The 
nucleotide sequence of the probe was 

5' CAC ACT CCA GTC AAT TCC TGG CTA GGC AAC 3'. 

30 u 

The HCV cDNA sequence of clone I5e, its overlap with the sequence in clone 26g, and the amino acids 
encoded therein are shown in Fig. 31. 

The clones described in this Section have been deposited with the ATCC under the terms and 
conditions described in Section H.A., and have been assigned the following Accession Numbers. 
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lambda-gtn 


ATCC 


Deposit Date 




No. 




clone 12f 


40514 


10 November 1988 


clone 35f 


40511 


10 November 1988 


clone 15e 


40513 


10 November 1988 


clone k9-1 


40512 


10 November 1988 



The HCV cDNA sequences in the isolated clones described supra, have been aligned to create a 
45 composite HCV cDNA sequence. The isolated clones, aligned in the 5 to 3 direction are: I2f, 14i. 7f, 7e. 
8h, 33c. 40b, 37b. 35. 36, 81. 32. 33b. 25c, 14c. 8f 33f, 33g. 39c. 35f. I9g, 26g. and 15e. 

A composite HCV cDNA sequence derived from the isolated clones, and the amino acids encoded 
therein, is shown in Fig. 32. 

50 

IV.A.20. Alternative Method of Isolating cDNA Sequences Upstream of the HCV cDNA Sequence in Clone 
12f 

Based on the most 5 HCV sequence in Fig. 32. which is derived from the HCV cDNA in clone I2f. 
55 small synthetic oligonucleotide primers of reverse transcriptase are synthesized and used to bind to the 
corresponding sequence in HCV genomic RNA. to prime rev rse transcription of the upstream sequences. 
The primer sequences are proximal to the known 5-terminal sequence of clone 12f. but sufficiently 
downstream to allow the design of probe sequences upstream of the primer sequences. Known standard 
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methods of priming and cloning are used. The resulting cDNA libraries are screeneo with sequences 
upstream of the pr.ming sites (as deduced from the elucidated sequence in clone 121). The HCV genomic 

,' s ° btamed from either P |asma ° r ^ samples from chimpanzees with NANBH. or from analogous 
samples from humans with NANBH. 

s 

JVA21. Alternative Method Utilizing Tailing to Isolate Sequences from the 5'-Terminal Region of the HCV 
Genome " 

ro in order to isolate the extreme 5'-terminal sequences of the HCV RNA genome, the cDNA product of 
the first round of reverse transcription, which is duplexed with the template RNA. is tailed with oligo C This 
is accomplished by incubating the product with terminal transferase in the presence cf CTP The second 
round of cDNA synthesis, which yields the complement of the first strand of cDNA. is accomplished utilizing 
oligo G as a primer for the reverse transcriptase reaction. The sources of genomic HCV RNA are as 

s described in Section IV.A.20. The methods for tailing with terminal transferase, and for the reverse 
transcriptase reactions are as in Maniatis et al. (1982). The cDNA products are then cloned, screened and 
sequenced. 

20 \VA22. Alternative Method Utilizing Tailing to Isolate Sequences from the 3'-Terminal Region of the HCV 
Genome 

» Im« meth ° d iS b3Sed °" previously used methods for cloning cDNAs of Flavivirus RNA. In this method 
the rna is subjected to denaturing conditions to remove secondary structures at the 3'-terminus. and is 
! 7 th Y A polymerase usin 9 rAT P as a substrate. Reverse transcription of the poly A tailed 
RNA is catalyzed by reverse transcriptase, utilizing oligo dT as a primer. The second strands of cDNA are 
synthesized, the cDNA products are cloned, screened, and sequenced 



IVA23 Creation of Lambda-gt1l HCV cDNA Libraries Containing Larger cDNA Inserts 

The method used to create and screen the Lambda gtll libraries are essentially as described in 
Section IV.A1 except that the library is generated from a pool of larger size cDNAs eluted from the 
bepharose CL-4B column. 



JVA^^ Creation of HCV cDNA Libraries Using Synthetic Oligomers as Primers 

New HCV cDNA libraries have been prepared from the RNA derived from the infectious chimpanzee 
plasma pool described in Section IV.A.1.. and from the poly a' RNA fraction derived from the liver of this 
infected animal. The cDNA was constructed essentially as described by Gubler and Hoffman (1983). except 
hat.the , pnmers for the first cDNA strand synthesis were two synthetic oligomers based on the sequence of 
the HCV genome described supra. Primers based on the sequence of clone 1 1 b and 7e were, respectively. 

5' CTG GCT TGA AGA ATC 3' 
and 

5' AGT TAG GCT GGT GAT TAT GC 3'. 

The resulting cONAs were cloned into lambda bacteriophage vectors, and screened with various other 
jynthetic oligomers. .wnose_sequences-*wB-based on-the-HGV sequence in Fig. 32: 



IVJj. B-Pression of Polypeptides Encoded Within HCV cDNAs and Identification of the Exoressed Products 

dS HCV nduceri AntinonQ — : 



as HCV Induced Antigens. 
iV B/l - Expression of the Polypeptide Encoded in Clone 5-1-1. 
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The HCV polypeptide encoded within clone 5-1-1 {see Section IV.A.2.. supra) was expressed as a 
fusion polypeptide with superoxide dismutase (SOD). This was accomplished by subcloning the clone 5-1-1 
cDNA insert into the expression vector pSODcfl (Steimer et al. (1986)) as follows. 

First. DNA isolated from pSODcfl was treated with BamHI and EcoRI, and the following linker was 
5 ligated into the linear DNA created by the restriction enzymes: 

5' GAT CCT GGA ATT CTG ATA A 3' 
3 ' GA CCT TAA GAC TAT TTT AA 5 ' 

70 

After cloning, the piasrnid containing the insert was isolated. 

Plasmid containing the insert was restricted with EcoRI. The HCV cDNA insert in clone 5-1-1 was 
excised with EcoRI. and ligated into this EcoRI linearized plasmid DNA. The DNA mixture was used to 
J5 transform E coli strain D1210 (Sadler et al. (1980)). Recombinants with the 5-1-1 cDNA in the correct 
orientation for~expression of the ORF shown in Fig. 1 were identified by restriction mapping and nucleotide 
sequencing. 

Recombinant bacteria from one clone were induced to express the SOD-NANBs-i-i polypeptide by 
growing the bacteria in the presence of IPTG. 



IV.B.2. Expression of the Polypeptide Encoded in Clone 81 . 

The HCV cDNA contained within clone 81 was expressed as a SOD-NANBat fusion polypeptide.- The 
method for preparing the vector encoding this fusion polypeptide was analogous to that used for the 
creation of the vector encoding SOD-NANBs-t-i . except that the source of the HCV cDNA was clone 81. 
which was isolated as described in Section IV.A.3, and for which the cDNA sequence was determined as 
described in Section IV.A.4. The nucleotide sequence of the HCV cDNA in clone 81, and the putative amino 
acid sequence of the polypeptide encoded therein are shown in Fig. 4. 

The HCV cDNA insert in clone 81 was excised with EcoRI, and ligated into the pSODcfl which 
contained the linker (see IV.B.1 .) and which was linearized by treatment with EcoRI. The DNA mixture was 
used to transform E. coli strain D1210. Recombinants with the clone 81 HCV cDNA in the correct orientation 
for expression of the ORF shown in Fig. 4 were identified by restriction mapping and nucleotide 
sequencing. 

Recombinant bacteria from one clone were induced to express the SOD-NANB31 polypeptide by 
growing the bacteria in the presence of IPTG. 



IV.B.3. Identification of the Polypeptide Encoded Within Clone 5-1-1 as an HCV and NANBH Associated 
40 Antigen. 

The polypeptide encoded within the HCV cDNA of clone 5-1-1 was identified as a NANBH associated 
antigen by demonstrating that sera of chimpanzees and humans infected with NANBH reacted im- 
munologically with the fusion polypeptide. SOD-NANB5-1-1. which is comprised of superoxide dismutase 

45 at its N-terminus and the in-frame 5-1-1 antigen at its C-terminus. This was accomplished by "Western" 
blotting (Towbin et al. (1979)) as follows. 

A recombinant strain of bacteria transformed with an expression vector encoding the SOD-NANBs-t -1 
polypeptide, described in Section" IV.B. I., was induced to express the fusion polypeptide by growth in the 
presence of IPTG. Total bacterial lysate was subjected to electrophoresis through polyacrylamide gels in 

5Q the presence of SDS according to Laemmli (1970). The separated polypeptides were transferred onto 
nitrocellulose filters (Towbin et al. (1979). The filters were then cut into thin strips, and the strips were 
incubated individually with the different chimpanzee and human sera. Bound antibodies were detected by 
furth r incubation with t2S l-labeled sheep anti-human Ig, as described in Section IV.A.1. 

Th characterization of the chimpanzee sera used for the Western blots and th results, shown in the 

S5 photograph of the autoradiographed strips, are presented in Fig. 33. Nitrocellulos strips containing 
polypeptides were incubated with sera derived from chimpanz es at diff rent times during acute NANBH 
(Hutchinson strain) infections (lanes 1-16), hepatitis A infections (lanes 17-24. and 26-33). and hepatitis B 
infections (lanes 34-44). Lanes 25 and 45 show positive controls in which the immunoblots were incubated 
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the immunoglobulin hinge are deleted, and in that the gin-,* of the superoxide dismutase is followed by an 
adaptor sequence which contains an EcoRI site. The sequence of the adaptor is: 

5'-AAT TTG GGA ATT CCA TAA TGA G -3' 

AC CCT TAA GGT ATT ACT CAG CT 

The EcoRI site allows the insertion of heterologous sequences which, when expressed from a vector 
containing the cassette, yield polypeptides which are fused to superoxide dismutase via an oligopeptide 
linker containing the amino acid sequence: 
-asn-ieu-giy-iie-arg-. 



A sample of pS356 has been deposited on 29 April 1988 under the terms of the Budapest Treaty with 
the American Type Culture Collection (ATCC), 12301 Parklawn Dr:, Rockville, Maryland 20853, and has 
been assigned Accession No. 67683. The terms and conditions for availability and access to the deposit, 
and for maintenance of the deposit are the same as those specified in Section I LA., for strains containing 
NANBV-cDNAs. This deposit is intended for convenience only, and is not required to practice the present 
invention in view of the description here. The deposited material is hereby incorporated herein by reference. 

After recombinants containing the C100 cDNA insert in the correct orientation were isolated, the 
expression cassette containing the C100 cDNA was excised from pS3-56 C ioo with BamHI, and a fragment of 
-3400bp which contains the cassette was isolated and purified. This fragment was then inserted into the 
BamHI site of- the yeast vector pAB24. 

Plasmid pAB24. the significant features of which are shown in Fig. 35, is a yeast shuttle vector which 
contains the complete 2 micron sequence for replication [Broach [1981)] and pBR322 sequences. It also 
contains the yeast URA3 gene derived from plasmid YEp24 [Botstein et al. 1979)], and the yeast LEU 2d 
gene derived from plasmid pCl/1. EPO Pub. No. 116.201. Plasmid pAB24 was constructed by digesting 
YEp24 with EcoRI and religating the vector to remove the partial 2 micron sequences. The resulting plasmid 
YEP24deltaRl. was linearized by digestion with Clal and ligated with the complete 2 micron plasmid which 
had been linearized with Clal. The resulting plasmid. pCBou, was then digested with Xbal and the 8605 bp 
vector fragment was gel isolated. This isolated Xbal fragment was ligated with a 4460 bp Xbal fragment 
containing the LEU 2d gene isolated from pCI/1; the orientation of LEU 2d the gene is in the same direction as 
the URA3 gene. Insertion of the expression was in the unique BamHI site of the pBR322 sequence, thus 
interrupting the gene for bacterial resistance to tetracycline. 

The recombinant plasmid which contained the SOD-C100 expression cassette. pAB24Cl00-3, was 
transformed into yeast strain JSC 308. as well as into other yeast strains. The cells were transformed as 
described by Hinnen et al. (1978), and plated onto ura-selective plates. Single colonies were inoculated into 
leu-selective media and grown to saturation. The culture was induced to express the SOD-C100 polypeptide 
(called C100-3) by growth in YEP containing 1% glucose. 

Strain JSC 308 is of the genotype MAT @, Ieu2. ura3(del) DM15 (GAP/ADR1) integrated at the ADR1 
locus. In JSC 308, over-expression of the positive activator gene product ADR1. results in hyperderepres- 
ston (relative to an ADRl wild type control) and significantly higher yields of expressed heterologous 
proteins when such proteins are synthesized via an ADH2 UAS regulatory system. The construction of the 
yeast strain JSC 308 is disclosed in copending application. U.S. Serial No. (Attorney Docket No. 2300- 
0229). filed concurrently herewith, and which is hereby incorporated herein by reference. A sample of JSC 
308 has been deposited on 5 May 1988 with the ATCC under the conditions of the Budapest Treaty, and 
has been assigned Accession No. 20879. The terms and conditions for availability and access to the 
deposit, and for maintenance of the deposit are the same as those specified in Section II.A., for strains 
containing HCV cDNAs. 

The complete C100-3 fusion polypeptide encoded in pAB24C100-3 should contain 154 amino acids of 
human SOD at the amino-terminus, 5 amino acid residues derived from the synthetic adaptor containing the 
EcoRI site, 363 amino acid residues derived from C100 cDNA, and 5 carboxy-terminal amino acids derived 
from the MS2 nucleotide sequence adjoining the HCV cDNA sequence in clone 32. (See Section* IV.A.7.) 
The putativ amino acid sequence of the carboxy-terminus of this polypeptide, beginning at the penultimate 
Ala residue of SOD. is shown in Fig. 36; also shown is the nucleotide sequence encoding this portion of the 
polypeptide. 
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Purification of Fusion Polypeptide C1Q0-3 

The fusion polypeptide. C 100-3. comprised of son at M . 
polypeptide at the C-terminus was purified bv d^lt P . N-termmus and in-frame C100 HCV- 
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u. mM EDTA. us.ng a suspension volume equal to two volumes of the 



40 



EP 0 318 216 A1 



original packed cells, followed by centrifugation at 7.000 x g for 15 min at 4* C. 

The C100-3 polypeptide in the extracted pellet was solubilized by treatment with SDS. The pellets were 
suspended in Buffer A equal to 0.9 volumes of the original packed cell volume, and 0.1 volumes of 2% SDS 
was added. After the suspension was mixed, it was centrifuged at 7,000 x g for 15 min at 4*C. The 
5 resulting pellet was extracted 3 more times with SDS. The resulting supernatants. which contained C100-3 
were pooled. 

This procedure purifies C100-3 more than 10-fold from the insoluble fraction of the yeast homogenate, 
and the recovery of the polypeptide is greater than 50%.. 

The purified preparation of fusion polypeptide was analyzed by polyacrylamide gel electrophoresis 
to according to Laemmli (1970). Based upon this analysis, the polypeptide was greater than 80% pure, and 
had an apparent molecular weight of -54,000 daltons. 

IV.C. Identification of RNA in Infected Individuals Which Hybridizes to HCV cDNA. 
75 ~~ 

IV.C.1 . Identification of RNA in the Liver of a Chimpanzee With NANBH Which Hybridizes to HCV cDNA. 

RNA from the liver of a chimpanzee which had NANBH was shown to contain a species of RNA which 

20 hybridized to the HCV cDNA contained within clone 81 by Northern blotting, as follows. 

RNA was isolated from a liver biopsy of the chimpanzee from which the high titer plasma was derived 
(see Section IV.A.1.) using techniques described in Maniatis et al. (1982) for the isolation of total RNA from 
mammalian cells, and for its separation into poly A* and poly A~ fractions. These RNA fractions were 
subjected to electrophoresis on a.formaldehyde/agarose gel (1% w/v), and transferred to nitrocellulose. 

25 (Maniatis et al. (1982)). The nitrocellulose filters were hybridized with radiolabeled HCV cDNA from clone 81 
(see Fig. 4 for the nucleotide sequence of the insert.) To prepare the radiolabeled probe, the HCV cDNA 
insert isolated from clone 81 was radiolabeled with 32 P by nick translation using DNA Polymerase I 
(Maniatis et al. (1982)). Hybridization was for 18 hours at 42* C in a solution containing 10% (w/v) Dextran 
sulphate. 50% (w/v) deionized formamide, 750 mM NaCI, 75 mM Na citrate, 20 mM Na 2 HP04. pH 6.5, 

30 0.1% SDS. 0.02% (w/v) bovine serum albumin (BSA). 0.02% (w/v) Rcoll-400, 0.02% (w/v) polyvinylpyr- 
rolidone. 100 micrograms/ml salmon sperm DNA which had been sheared by sonication and denatured, and 
10 6 CPM/ml of the nick-translated cDNA probe. 

An autoradiograph of the probed filter is shown in Fig. 38. Lane 1 contains 32 P-labeled restriction 
fragment markers. Lanes 2-4 contain chimpanzee liver RNA as follows: lane 2 contains 30 micrograms of 

35 total RNA: lane 3 contains 30 micrograms of poly A- RNA; and lane 4 contains 20 micrograms of poly A + 
RNA. As shown in Fig. 38. the liver of the chimpanzee with NANBH contains a heterogeneous population of 
related poly A+ RNA molecules which hybridizes to the HCV cDNA probe, and which appears to be from 
about 5000 nucleotides to about 1 1 ,000 nucleotides in size. This RNA, which hybridizes to the HCV cDNA, 
could represent viral genomes and/or specific transcripts of the viral genome. 

40 The experiment described in Section IV.C.2., infra, is consistent with the suggestion that HCV contains 
an RNA genome. 

IV.C.2. Identification of HCV Derived RNA in Serum from Infected Individuals. 

45 

Nucleic acids were extracted from particles isolated from high titer chimpanzee NANBH plasma as 
described in Section IV.A.1.. Aliquots (equivalent to 1 ml of original plasma) of the isolated nucleic acids 
were resuspended in 20 microliters 50 mM Hepes. pH 7.5. 1 mm EDTA and 16 micrograms/ml yeast 
soluble RNA. The samples were denatured by boiling for 5 minutes followed by immediate freezing, and 

so were treated with RNase A (5 microliters containing 0.1 mg/ml RNase A in 25 mM EDTA, 40 mM Hepes, pH 
7.5) or with DNase I (5 microliters containing 1 unit DNase I in 10 mM MgCl2, 25 mM Hepes. pH 7.5); 
control samples were incubated without enzym . Following incubation. 230 microliters of ice-cold 2XSSC 
containing 2 micrograms/ml yeast soluble RNA was added, and the samples were filtered on a nitrocel- 
lulose filter. The filters were hybridized with a cDNA probe from clone 81, which had been 32 P-labeled by 

55 nick-translation. Fig. 39 shows an autoradiograph of the filter. Hybridization signals were detected in the 
DNase treated and control samples (lanes 2 and 1, respectively), but were not detected in the RNase 
treated sample (lane 3). Thus, since RNase A treatment destroyed the nucleic acids isolated from the 
particles, and DNase ^treatment had no effect, the evidence strongly suggests that the HCV genome is 
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composed of RNA. 



g££ °» Amplified ^ Nucleic Acid Sequences derived from HCV Nucleic Acid Sequences in 
Liver and Plasma Specimens from Chimpanzees with NANBH ■ - 

HCV nucleic acids present in liver and plasma of chimpanzees with NANBH. and in control chirn- 
SH^i^TS d USin 9 . essentia,| y ,he Polymerase chain reaction (PGR) technique described by 
clonir^'infS ?k pr,me ; f 0l ^ onuc,eoti des were derived from the HCV cDNA sequences in clone 81. or 
clones 36 an 37 The amphf.ed sequences were detected by gel electrophoresis and Southern blotting 

Sinn aPPr ° Pnate CDNA °' i90mer With a «^ence from the region between, but no 

including, the two primers. 

frn m S , amP K S °' RN V° ntainin9 HCV sea - uences «° be examined by the amplification system were isolated 
rom hver b.ops.es of three chimpanzees with NANBH. and from two control chimpanzees. The isolation of 
the RNA fraction was by the guanidinium thiocyanate procedure described in Section IV C 1 

Samples of RNA which were to be examined by the amplification system were also isolated from the 
p asmas of two chimpanzees with NANBH, and from one contro, chimpanzee, as well as from a poo 0 « 

anr h p S o t mC f ° nt , r0 H C !f pan2eeS - 0ne in,ected chimpanzee had a CD/ml equal to or greater than 10*. 
and the other infected ch.mpanzee had a CID/ml equal to or greater than 1 0 s 

The nucleic acids were extracted from the plasma as follows. . Either 0.1 ml or 0.01 ml of plasma was 
M EOT? 0 "m To V' 10 :t 3 TENB ' Pr0tei " aSe ™* solution (0.05 M Tris-HCL. pS 8*0.00 
1-h h u 1 . m9/m ' Pro,e,nase K > and 0-5% SDS) containing 10 micrograms/ml polyadenylic 
acd. and mcubated at 37 C for 60 minutes. After this proteinase K digesL. the «uhJpteSSS 
were deprotein.zed by extraction with TE (10.0 mM Tris-HC. pH 8.0 1 mM EDTA) saturated phenol ^e 
resutfr 6 ^ S ! Para, f ^ Centri,U 9 ation - «* reextracted with TENB containing 0.1% SDS The 
D h e t lL qU ?° US P aS6S , 'T ^ 6XtraCti0n W6re p00led ' and extracted with an equal volume of 
" rh.nrl ,0r0f0rm/ ; SO l amy, alcoho1 n:K99a)l and then twice with an equal volume of a 99:1 mixture o 
chloroforrrv.soamy. alcohol. Fol.owing phase separation by centrifugation. the aqueous phase was brough 

0 .um^ rr ,r f 0 02 M Na Acetate - and the nuc,eic acids ™* -dL^X 

38 TXXEL n-.eic acids were recovered by u.tracentrifugation in a SW 4, rotor at 

werJVxff ted with'so* ^ Chimpan2ee plasma and »• ^ control plasma a.ternative.y 

TKsnZT ^'crograms of poly A carrier by the procedure of Chomcyzski and Sacchi (1987) 

M?g!Z ^minutes* Tr^ p thi ° Cyanate eXtraCt '° n - RNA W3S * centrifugation a 

iu.uuu HrM for 10 minutes at 4 Cm an Eppendorf microfuge. 

On two occasions, prior to the synthesis of cONA in the PCR reaction, the nucleic acids extracted from 

TSXSXTT ""TT? me,hod were ,urther puri,ied by ^ZZS^fS 

Z nl procedure ,ol,owed W£ * according to the manufacturer's directions 

The cDNA used as a template for the PCR reaction was derived from the nucleic acids (either total 

aads were dned. and resuspended .n DEPC treated distilled water. Secondary structures in the nucleic 

?„r LT T I f 9 10 3 m,cr0Qrams of total chimpanzee RNA from liver, or from nucleic acids 
in Z T 10 !° 10 ° miCrOliters of plasma - ™- ^"thesis utilized reverse transc ptase" d 
1 reaCt '° n - USm9 the pro,oco1 speci,ied b y ,h * manufacturer. BRL The primers for 

cDNA synthes.s were those also utilized in the PCR reaction, described below. A.I reaction milre o 

" T S,S C ° ntained 23 UnitS °' the RNA3Se inhibitor - RNAS|N ™ (Rsher/Promega) Follow,^ CDNA 

Th e S pCR ^ZT^ 5 T ^ W3,er - b0i ' ed ,0r 10 minutes - and ^ « on ice 

PerkL Lm^ 1 °7 7« re pert ormed essentially according to the manufacturer's directions (Cetus- 
Perkm-Elmer) except for the add,tion of 1 microgram of RNase A. The reactions were carried out in a f nal 

The primers for cDNA synthesis and for the PCR reactions were derived from the HCV cDNA 

e q rown S in n S s er 4 C, 5 0ne iVn™ * " d ° ne ^ ^ HCV C ° NA S ^ uenC8s °< «• 36 an 37^ 

81 were ' ^pective.y.) The sequences of the two 16-mer primers derived from clone 

5' CAA TCA TAC CTG ACA G 3' 
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and 

5' GAT AAC CTC TGC CTG A 3'. 

The sequence of the primer from clone 36 was: 

5 

5' GCA TGT CAT GAT GTA T 3'. 
The sequence of the primer from clone 37b was: 
70 5' ACA ATA CGT GTG TCA C 3'. 

In the PCR reactions, the primer pairs consisted of either the two 16-mers derived from clone 81. or the 16- . 

mer from clone 36 and the 16-mer from clone 37b. 

The PCR reaction products were analyzed by separation of the products by alkaline gel electrophoresis, 
is followed by Southern blotting, and detection of the amplified HCV-cDNA sequences with a 32 P-labeled 

internal oligonucleotide probe derived from a region of the HCV cDNA which does not overlap the primers. 

The PCR reaction mixtures were extracted with phenol/chloroform, and the nucleic acids precipitated from 

the aqueous phase with salt and ethanol. The precipitated nucleic acids were collected by centrifugation. 

and dissolved in distilled water. Aliquots of the samples were subjected to electrophoresis on 1.8% alkaline 
20 agarose gels. Single stranded DNA of 60, 108, and 161 nucleotide lengths were co-electrophoresed on the 

gels as molecular weight markers. After electrophoresis, the DNAs in the gel were transferred onto Biorad 

Zeta ProbeTM paper. Prehybridization and hybridization, and wash conditions were those specified by the 

manufacturer (Biorad). 

The probes used for the hybridization-detection of amplified HCV cDNA sequences were the following. 

25 When the pair of PCR primers were derived from clone 81. the probe was an 108-mer with a sequence 
corresponding to that which is located in the region between the sequences of the two primers. When the 
pair of PCR primers were derived from clones 36 and 37b, the probe was the nick-translated HCV cDNA 
insert derived from clone 35. The primers are derived from nucleotides 155-170 of the clone 37b insert, and 
206-268 of the clone. 36 insert. The 3'-end of the HCV cDNA insert in clone 35 overlaps nucleotides 1-186 

30 of the insert in clone 36; and the 5'-end of clone 35 insert overlaps nucleotides 207-269 of the insert in 
clone 37b. (Compare Figs. 5, 8 and 10.) Thus, the cDNA insert in clone 35 spans part of the region between 
the sequences of the clone 36 and 37b derived primers, and is useful as a probe for the amplified 
sequences which include these primers. 

Analysis of the. RNA from the liver specimens was according to the above procedure utilizing both sets 

35 of primers and probes. The RNA from the liver of the three chimpanzees with NANBH yielded positive 
hybridization results for amplification sequences of the expected size (161 and 586 nucleotides for 81 and 
36 and 37b. respectively), while the control chimpanzees yielded negative hybridization results. The same 
results were achieved when the experiment was repeated three times. 

Analysis of the nucleic acids and RNA from plasma was also according to the above procedure utilizing 

40 the primers and probe from clone 81. The plasmas were from two chimpanzees with NANBH. from a control 
chimpanzee, and pooled plasmas from control chimpanzees. Both of the NANBH plasmas contained nucleic 
acids/RNA which yielded positive results in the PCR amplified assay, while both of the control plasmas 
yielded negative results. These results have been repeatably obtained several times. 

tv - D - Radioimmunoassay for Detecting HCV Antibodies in Serum from Infected Individuals 

Solid phase radioimmunoassays to detect antibodies to HCV antigens were developed based upon Tsu 
and Herzenberg (1980). Microtiter plates (Immulon 2. Removawell strips) are coated with purified polypep- 

so tides containing HCV epitopes. The coated plates are incubated with either human serum samples 
suspected of containing antibodies to the HCV epitopes, or to appropriate controls. During incubation, 
antibody, if present, is immunologically bound to the solid phase antigen. After removal of the unbound 
material and washing of the microtiter plates, complexes of human antibody-NANBV antigen ar detected 
by incubation with 125 l-labeled sheep anti-human immunoglobulin. Unbound labeled antibody, is r moved by 

55 aspiration, and the plates are washed. The radioactivity in individual wells is determined: the amount of 
bound human anti-HCV antibody is proportional to the radioactivity in the well. 
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■Vg^ Purification of Fusion Poiyp epl , oe spp-NANB... 

Tr 
IV.B.1. 



cenrihgrt „ 4.000 x 9 to 10 minutes ^^L u l ' 5 "" ni " es at 0 C - ,B » «■• 

containing 0.05 M Tris HCI oh Tn , \? T 9 * " "™ » '° 0' 25% <w») sucrose 

*• ac.di.ion * ,0 „' n (v , vl . ST^paTiTrjl 0 £5 l?" 1 

•ncubated an additional 10 min at o'r w »h «~ . u EDTA> the mixtur e was 

homogenized by passage 6 tZs throuoh a sl.^n f 3 "'" 9 " r6SUltin9 visC0us so,u «°" "« 
x 9 for 25 minutes. The p^Sa * 20-gauge hypodermic needle, and centrifuged at 13.000 

'a suspension centrifuged at 4000 x g for 0 minute^Thp ',? ,* °' °° 1 M TriS HC ' pH 80 - and *• 
protein, was dissolved in 5 m. o, 6 Vu ea in 0 ^2 M Tris 5?.* ??? S0D ' N ^-^ <"sion 

was applied to a column of Q-Sephar Z Fas^ Jo " f ff'J mM d* 0 *"™ (Buffer A,, and 
with a .inear gradient of 0.0 to 0 3 M S ! B I ''^ w ' ,h ^ ^ Po1 ^^ -ere eluted 
POlyacrylamide ge. e.ectrophoresis in th ^ eS enc ^ of SDS tod^ T- «* 

» Fractions containing this polypeptide we^e oooled and J5, T^* **" COnten ' ° f S OD-NANB s -,-,. 
Phosphate buffer, P H 6.0. 1 mM ZZxZluB^'r I? '? 393,081 6 M ° rea in °- 02 M 
S-Sepharose Fas, Flow iuiMI«tl X^^^l^^ Sf"" S3mP ' e * aPP ' i6d °" 3 Colu ™ <* 
0.3 M NaCI in Buffer B. The tr^^t^lL^ * " near * M of 00 t0 

of SOD-NANBs-,... and the appSZS^T p P 0 °I a d Cry,am,de el6Ct « s «* P-ence 
« me final preparation of SOD-NANBc . r^u^^-J 

POlyacrylamide gels in the presence of SDS fel ^ eXamined by electrophoresis on 

pure. P SnCe °' SDS - Based u P° n th,s ana'ys-s. the preparation was more than 80% 

IV.D.2. Purification of Fusion Polypeptide SOD-NANB 8t . 

-V^~^ in ^cteria as described in Section 

by chromatography on ^ZZTL^e^ 

isolation of fusion polypeptide SOD-NANB,- . T^£^ST° '° r ,he 

upon mis analysis, the preparation was more than 50% pure. 
™± Dejection of Anjiboc^es to HCV Epitopes by Solid Phase Radioimmunoassay. 

— y s z To - r* nanbh were anaiyzed 

NANBs-,-, and SOD-NANB., were deteaed PfeSefM ,USi ° n P 0, yP e P« d es SOD- 

Microtiter plates were coated with SOD-NANB, , « r snn mamd 
according t0 Sections .V.D.I, and IV.D 2 respecTve^ ~Th« a « 8 ' ' had be6n ParXia ^ P uri,ied 

One hundred microliter aliquots cwtolS^o^ yS C ° nduCted as ,ollows - 
in 0.125 M Na borate buffer. p l YbI Tvs m ^' Cr0 9 rams °' SOD-NANB5-, or SOD-NANB,, 

(Dynatech Immulon 2 Removawel. sLs) r^e ol t * T l"**-* ^ We " °' a micro,iter P««» 
after which, the protein solution was emovTd ' n I " 4 ° 0Vemi9ht 3 humid chamber - 

Triton X-100 (BBST). To prevent Zn ln^r w V * 3 ,imes witn BBS Gaining 0.02% 

-(BSA) - by -addition ^^^^^-.^ -ells wer e _coa,ed- with-bovine serum'albumin 

temperature for , hour; after thisTncubltfon the B^A soSn " BBS ,0 "° Wed by inCUbation at room 
wells were reacted with serum by add no 00 m.wS 7** ^ polype P M S in the coa ^d 

Phosphate buffer. pH 7.2. 0 15 M^acT fPB^T S3mpleS dNuted 1:100 in 001M Na 

containing wells for 1 hr at 37 ' C. AfteMn ubaL n ST" 8 T"* " d inCUbaWn9 the serum 
wells were washed 5 limes with B 8 £ ^ATSSn""!: by aSPirati ° a 3nd ,he 

was determined by the binding of '»Hab!L T tehVVh Anti-NANBsi bound to the fusion polypeptides 

g labeled F (ab) 2 sheep ant,-human igG to the coated wells. Aliquots of 
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100 microliters of the labeled probe (specific activity 5-20 microcuriesmicrogram) were added to each well, 
and the plates were incubated at 37 ' C for 1 hour, followed by removal of excess probe by aspiration, and 5 
washes with BBST. The amount of radioactivity bound in each well was determined by counting in a 
counter which detects gamma radiation. 
5 The results of the detection of anti-NANBs-i -i and anti-NANBs; in individuals with NANBH is 

presented in Table 1 . 



Table 1 



70 






Detection of Anti-5-1-1 
NAN8 , HAV and HBV 


and Anti- 
Hepatitis 


81 in Sera of 
Patients 




Pat ient 
ne re re nee 
Number 


Diagnosis 


Anti-5-1 


S/N 
- 1 


Anti-8 i 


75 


I . 


28 l 


Chronic NANB, IVD 2 
Chronic NANB, IVD 
Chronic NANB , IVD 


0. 77 

1. 14 
2.11 




4 .20 
5. 14 
4.05 


20 


2 . 


29 l 


AVH 3 , NANB, Sporadic 
Chronic, NANB 
Chronic, NAHB 


1-09 
33.89 
36.22 




1.05 
1 1 . 39 
13.67 


25 


3. 


30 l 


AVH, NANB, IVD 
Chronic NANB , IVD 
Chronic NANB , IVD 


1.90 
34 . 17 
32.45 




1 . 54 
30.28 
30 . 84 


4 . 


31 


Chronic NANB, PT 4 


16.09 




8.05 




3. 


32 l 


Late AVH NANB, IVD 

r Af A A xru U&IJO Ttm 


0.69 

0 7 1 




0.94 
0.68 


30 


G . 


33 X * 


» xru ukuB ' Ttm 

AVH , NANB, IVD 


1 • DO 

1.53 




1 .96 
0.56 


35 


7 . 


34 1 


Chronic NANB, PT 

Chronic NANB, PT 
Chronic NANB, PT 


34 .40 

41.58 
44.20 




1 cc 

' . 35 

13.11 
13.45 
15 .48 


40 


- 8. 


35 1 


AVH NANB, IVD 
•Healed* recent 

NANB , AVH 


31.92 
6.87 




31.95 
4.45 


9. 


36 


Late AVH NANB PT 


11.84 




5.79 




10. 


37 


AVH NANB, IVD 


6.52 




1.33 


45 


11 . 


38 


Late AVH NANB, PT 


39.44 




39. 18 




12. 


39 


Chronic NANB, PT 


42-22 




37 .54 




13. 


40 


AVH, NANB, PT 


1.35 




1 . 17 


50 


14 . 


41 


Chronic NANB7 PT 


0.35 




0.26 
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Patient 
Re f erence 
Number 

15. 42 

16. 43 

17. 44 

18. 45 

19. 46 
70. 47 
21. 48 
32. 49 

23. 50 

24. 51 

25. 52 

26. 33 

27. 54. 
20. 55 

29. 56 

30. 57 

31. 58 



32. 59 



1 



33. 60 1 



Diaqnos ia 
AVH. NANB, IVD 
Chronic NANB, PT 
AVH. NANB, PT 
Chronic, NANB, PT 
AVH. NANB 
AVH, Type A 
AVH. Type A 
AVH, Type A 

Resolved Recent AVH , 
Type A 

AVH, Type a 
Resolved AVH, Type a 

Resolved Recent AVH, 
Type A 

Resolved Recent AVH, 
Type A 

AVH, Type A 
Resolved Recent AVH, 
Type A 

AVH, Type A 

Late AVH, HBV 

Chronic HBV 

Late AVH, HBV 

Chronic HBV 

AVH, HBV 
Healed AVH. HBV 

AVH, HBV 
Healed AVH, HBV 



S/N 

Anti-S-1-1 Anti-8l 



6.25 
0.74 
5.40 
0.52 
23.35 
1.60 
1 .30 
1.44 
0.48 

0.68 
0.80 

1.38 

0.80 



1.85 
1.02 



1.35 

0.S8 

0.84 

3.20 

0.47 

0.73 
0.43 

1.06 
0.75 



2.34 

0.61 
1.83 
0.32 
4.45 
1.35 
0.66 
0.74 
0.56 

0.64 
0.65 

1 .04 
0.65 



1.16 
0.88 



0.74 

0.55 

1.06 

1.60 

0.46 

0.60 
0.44 

0.92 
0.68 
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Patient 

Heferenc S/N 





Number " 


Diagnosis 




Anti-5-1-1 


Anti- 


81 


5 


34 . 


sV 


A ▼ n t no v 




1 .66 


0 . 


6 I 








Healed AVH , 


HBV 


0.63 


0. 


36 




15. 


62 l 






1 .02 


0 . 


73 








Healed AVH , 


HBV 


0-41 


0. 


42 


10 




S3 1 


AVH, HBV 




1.24 


i . 


.31 








Healed AVH, 


HBV 


1.55 


0. 


.45 




17 . 


64 1 


AVH, HBV 




0.82 


0 


.79 








Healed AVH, 


HBV 


0.53 


0 


.37 


15 


10 . 


65 1 


AVH , HBV 




0.95 


0 


.92 








Healed AVH, 


HBV 


0.70 


0 


.50 




J9 • 


66 l 


AVH, HBV 




1.03 


0 


.68 








Healed AVH, 


HBV 


1.71 


1 


.39 



20 

Sequential serum samples available from these patients 
2 IV0- Intravenus Drug User 
^ AVH«Acute viral hepatitis 
4 pt*Pos t trans £ us ion 



As seen in Table 1. 19 of 32 sera from patients diagnosed as having NANBH were positive with respect 
to antibodies directed against HCV epitopes present in SOD-NAN Bs-t and SOD-NANBsi. 

However, the serum samples which were positive were not equally immunologically reactive with SOD- 

30 NANBs-i-i and SOD-NANBgi . Serum samples from patient No. 1 were positive to SOD-NANBai but not to 
SOD-NANB5-1-1. Serum samples from patients number 10, 15. and 17 were positive to SOD-NANBs-1-1 
but not to SOD-NANBst. Serum samples from patients No. 3 t 8. 11, and 12 reacted equally with both fusion 
polypeptides, whereas serum samples from patients No. 2, 4, 7, and 9 were 2-3 fold higher in the reaction 
to SOD-NANB5-1-1 than to SOD-NANB 8 i. These results suggest that NANB5-1-1 and NANBst may 

35 contain at least 3 different epitopes; i.e., it is possible that each polypeptide contains at least 1 unique 
epitope, and that the two polypeptides share at least 1 epitope. 



IV.D.4. Specificity of the Solid Phase RIA for NANBH 

40 

The specificity of the solid phase RIAs for NANBH was tested by using the assay on serum from 
patients infected with HAV or with HBV and on sera from control individuals. The assays utilizing partially 
purified SOD-NANB5-1 -1 and SOD-NANB 8 i were conducted essentially as described in Section IV.D.3. 
except that the sera was from patients previously diagnosed as having HAV or HBV. or from individuals who 

45 were blood bank donors. The results for sera from HAV and HBV infected patients are presented in table 1. 
The RIA was tested using 1 1 serum specimens from HAV infected patients, and 20 serum specimens from 
HBV infected patients. As shown in table 1, none of these sera yielded a positive immunological reaction 
with the fusion polypeptides containing BB-NANBV epitopes. 

The RIA using the NANB5-1-1 antigen was used to determine immunological reactivity of serum from 

50 control individuals. Out of 230 serum samples obtained from the normal blood donor population, only 2 
yielded positive reactions in the RIA (data not shown). It is possible that the two blood donors from whom 
these serum samples originated had previously been exposed to HCV. 



55 lvp - 5 - Reactivity of NANB5-1 - t During the Course of NANBH Infection. 

The presence of anti-NANBs -1 -j antibodies during the course of NANBH infection of 2 patients and 4 
chimpanzees was followed using RIA as described in Section IV.D.3. In addition the RIA was used to 
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JO 



15 



determine the presence or absence of anti-NANB* — • antibodies during the course of infection of HAV 
and HBV in infected chimpanzees. 

The results, which are presented in Table 2. show that with chimpanzees and with humans, anti- 
NANB5-1-1 antibodies were detected following the onset of the acute phase of NANBH infection. Anti- 
NANBs-^-i antibodies were not detected in serum samples from chimpanzees infected with either HAV or 
HBV. Thus anti-NANBs-i-- antibodies serve as a marker for an individual's exposure to HCV. 

T*bl« 2 

Seroconversion In S*qu«nti«i 5«rum Samples from 
H«p*titi« P*tx«nti •nd Chi»p*nr»«f Using 5-1-1 Antigtn 

rn,.nt/ * S.»pU D*t« <0*yt) H#p«tltil An ?i;S: 1 " 1 <mu/ml 
Clump .o.inocuUtion <Uy» Viru»«« HULL 

^tietu 29 Tl NAW8 

TM80 
T*208 

r*titnt 30 T HANB 

TO07 



20 



Chimp 2 



Chimp 3 



30 Chimp 4 



35 



0 NANB 

76 

us 

154 

0 NANB 

2i 
73 
138 

0 NAXS 
43 

53 
159 

-3 NAN 8 

55 
83 
140 



Chimp 5 0 HAV 

25 
40 
268 

Chimp 6 -8 HAV 

15 
41 
129 



1-09 


1180. 


33.89 


425 


36 . 22 




1 . 90 


18 30 


34.17 


290 


32.45 


276 


0 8 7 


0 


ft 9 t 


7 I 




19 


32.41 




i .00 


5 


1 .08 


52 


4.64 


13 


25 .01 




1.08 


6 


1.44 


205 


1.82 


14 


11.87 


6 


1.12 


11 


1.25 


132 


6.60 




17.51 




1.50 


4 


2.39 


147 


1.92 


18 


1.53 


5 


0.85 






106 


0-81 


10 


1.33 





40 



45 



50 



55 
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75 



y atitnt/ S*»pl« O+x* ( D*yt ) H«p«titi» AJiti-5-l-l 
Clump fo'inoculition day) virutti (S/Ni 



AJLT 



Clump 8 



Ch imp ? 



Chii*D 10 



Chimp ti 



7 


o 


HAV - 


i 

I • 


i 7 






22 




i 


£ ft 


B J 




115 




1. 


55 


5 




139 




1. 


60 




8 


o 


HAV 


A 

v < 


7 7 


I c 

1 3 




26 






■ 7 8 


lift 
i JO 




74 




I. 


.77 


8 




305 




1. 


27 


c 




-290 


KBV 




. 74 












. 29 


o 

7 




«35 




2 


!77 


6 


10 


0 


HBV 


2 


.35 


8 




111-118 (pool) 




2 


.74 


95-155 M 




205 




2 


.05 


9 




240 




1 


-78 


"13 


11 


0 


HBV 


1 


.82 


U 




28-56 (pooi) 




1 


.26 


8-100 fj 




169 








9 




223 




0 


.52 


10 



20 



•T-d«y of initial sampling 



25 

1V.E. Purification of Polyclonal Serum Antibodies to NANB5-1-1 

On the basis of the specific immunological reactivity of the SOD-NANB5-1-! polypeptide with the 

30 antibodies in serum samples from patients with NANBH, a method was developed to purify serum 
antibodies which react immunologically with the epitope(s) in NANB5-1-1. This method utilizes affinity 
chromatography. Purified SOD-NANB5-, polypeptide (see Section IV.D.1) was attached to an insoluble 
support; the attachment is such that the immobilized polypeptide retains its affinity for antibody to 
NANBs-t -1 . Antibody in serum samples is absorbed to the matrix-bound polypeptide. After washing to 

35 remove non-specifically bound materials and unbound materials, the bound antibody is released from the 
bound SOD-HCV polypeptide by change in pH t and/or by chaotropic reagents, for example, urea. 

Nitrocellulose membranes containing bound SOD-NANB5 -1 -» were prepared as follows. A nitrocel- 
lulose membrane, 2.1 cm Sartorius of 0.2 micron pore size, was washed for 3 minutes three times with 
BBS. SOD-NANBs-1-1 was bound to the membrane by incubation of the purified preparation in BBS at 

40 room temperature for 2 hours; alternatively it was incubated at 4*C overnight. The solution containing 
unbound antigen was removed, and the filter was washed three times with BBS for three minutes per wash. 
The remaining active sites on the membrane were blocked with BSA by incubation with a 5 mg/ml BSA 
solution for 30 minutes. Excess BSA was removed by washing the membrane with 5 times with BBS and 3 
times with distilled water. The membrane containing the viral antigen and BSA was then treated with 0.05 M 

45 glycine hydrochloride. pH 2.5. 0.10 M NaCl (GlyHCI) for 15 minutes, followed by 3 three minute washes 
with PBS. 

Polyclonal anti-NANBs-i -1 antibodies were isolated by incubating the membranes containing the fusion 
polypeptide with serum from an individual with NANBH for 2 hours. After the incubation, the filters were 
washed 5 times with BBS, and twice with distilled water. Bound antibodies were then eluted from each filter 
50 with 5 elutions of GlyHCI, at 3 minutes per elution. The pH of the eluates was adjusted to pH 8.0 by 
collecting each eluate in a test tube containing 2.0 M Tris HCI. pH 8.0. Recovery of the anti-NANBs-i -1 
antibody after affinity chromatography is approximately 50%. 

The nitrocellulose membranes containing the bound viral antigen can be used several times without 
appreciable decrease in binding capacity. To reuse the membranes, after the antibodies have be n tut d 
55 the membranes are washed with BBS three times for 3 minutes. They are then stored in BBS at 4* C. 

IV F. The Capture of HCV Particles from Infected Plasma Using Purified Human Polyclonal Anti-HCV 
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Antibodies: Hybridization of the Nucleic Acid in the Captured Particles to HCV cDNA 



IV£^ The C^pj^ of ^ Particj^ 

Protein-nucleic acid complexes present in infectious plasma of a chimpanzee with NANBH were 
isolated us.ng purif.ed human polyclonal anti-HCV antibodies which were bound to polystyrene beads 

Polyclonal anti-NANBs-,-, antibodies were purified from serum from a human with NANBH using the 
SOD-HCV polypept.de encoded in clone 5-1-1. The method for purification was that described in Section 

The purified anti-NANB s -,-, antibodies were bound to polystyrene beads (1/4" diameter, specular fin- 
ish. Precision Plastic Ball Co.. Chicago. Illinois) by incubating each at room temperature overnight with 1 ml 
of ant.bod.es (1 microgram/ml in borate buffered saline. pH 8.5). Following the overnight incubation the 
beads were washed once with TBST [50 mM Tris HCI. pH 8.0. 150 mM NaCI, 0.05% (v,v) Tween 20] 'and 
then with phosphate buffered saline (PBS) containing 10 mg/ml BSA. 

Control beads were prepared in an identical fashion, except that the purified anti-NANB---,-, antibodies 
were replaced with total human immunoglobulin. 

Capture of HCV from NANBH infected chimpanzee plasma using the anti-NANB* - antibodies bound 
to beads was accomplished as follows. The plasma from a chimpanzee with NANBH used is described in 
Section IV.A.1.. An aliquot (1 ml) of the NANBV infected chimpanzee plasma was incubated for 3 hours at 
37 C w.th each of 5 beads coated with either anti-NANBs--, antibodies, or with control immunoglobulins 
The beads were washed 3 times with TBST. 

IV F - 2 - Hybridization of the Nucleic Acid in the Captured Particles to NANBV-cDNA 

The nucleic acid component released from the particles captured with anti-NANBs-,- antibodies was 
analyzed for hybridization to HCV cDNA derived from clone 81 . 

HCV particles were captured from NANBH infected chimpanzee plasma, as described in IV F 1 To 
release the nucleic aads from the particles, the washed-beads were incubated for 60 min.at 37' C with 0 2 
ml per bead of a solution containing proteinase k (1 mg/ml). 10 mM Tris HCI. pH 7.5 10 mM EDTA 0 25% 
(w/v) SDS. 10 micrograms/ml soluble yeast RNA. and the supernatant solution was removed The 
supernatant was extracted with phenol and chloroform, and the nucleic acids precipitated with ethanol 
overnight at -20 C. The nucleic acid precipitate was collected by centrifugation. dried, and dissolved in 50 
mM Hepes. pH 7.5. Duplicate aliquots of the soluble nucleic acids from the samples obtained from beads 
coated with anti-NANBs-,-, antibodies and with control beads containing total human immunoglobulin were 
filtered onto to nitrocellulose filters. The filters were hybridized with a "P-labeled. nick-translated probe 
made from the purified HCV cDNA fragment in clone 81. The methods for preparing the probe and for the 
hybridization are described in Section IV.C.1.. 

Autoradiographs of a probed filter containing the nucleic acids from particles captured by beads 
contaming anti-NANBs-, antibodies are shown in Fig. 40. The extract obtained using the anti-NANB 5 -, -, 
antibody (A, .A,) gave clear hybridization signals relative to the control antibody extract (A,./**) and to 
control yeast RNA (B,.B 2 ). Standards consisting of ipg. 5pg. and 10pg of the purified, clone 81 cDNA 
fragment are shown in C1-3, respectively. 

These results demonstrate that the panicles captured from NANBH plasma by anti-NANBs-, -,- 
ant.bod.es contain nucleic acids which hybridize with HCV cDNA in clone 81. and thus provide further 
evidence that the cDNAs in these clones are derived from the etiologic agent for NANBH. 

IV.G. Immunological Reactivity of C100-3 with Purified Anti-NANBs-,-, Antibodies 

' The immunological reactivity of C100-3 fusion polypeptide with anti-NANBs-,-, antibodies was deter- 
mined by a rad.o.mmunoassay. in which the antigens which were bound to a solid phase were challenged 
w,th purified anti-NANBs-,-, antibodies, and the antigen-antibody complex detected with '*l-labeled sne 
anti-human antibodies. The immunological reactivity of C100-3 polypeptide was compared with that of SOD- 
NANBs-, antigen. 

q J he /'fiT PO'ypeP^e C100-3 was synthesized and purified as described in Section IV.B.5. and in 
Sect.on IV.B.6.. respectively. The fusion polypeptide SOD-NANBs-, -, was synthesized and purified as 
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described in Section IV.B.1. and in Section IV.D.1.. respectively. Purified anti-NANBs antibodies were 

obtained as described in Section IV.E. 

One hundred microliter aliquots containing varying amounts of purified C100-3 antigen in 0.1 25M Na 
borate buffer, pH 8.3, 0.075M NaCI (BBS) was added to each well of a microtiter plate (Dynatech Immulon 2 
Removawell Strips). The plate was incubated at 4*C overnight in a humid chamber, after which, the protein 
solution was removed and the wells washed 3 times with BBS containing 0.02% Triton X-100 (BBST). To 
prevent non-specific binding, the wells were coated with BSA by addition of 100 microliters of a 5 mg/ml 
solution of BSA in BBS followed by incubation at room temperature for 1 hour, after which the excess BSA 
solution was removed. The polypeptides in the coated wells were reacted with purified anti-NANBa-i -i 
antibodies by adding 1 microgram antibody/well, and incubating the samples for 1 hr at 37* C. After 
incubation, the excess solution was removed by aspiration, and the wells were washed 5 times with BBST 
Anti-NANBs-i-i bound to the fusion polypeptides was determined by the binding of 125 Mabeled F'(ab)2 
sheep anti-human IgG to the coated wells. Aliquots of 100 microliters of the labeled probe (specific activity 
5-20 microcuries/microgram) were added to each well, and the plates were incubated at 37 *C for 1 hour, 
followed by removal of excess probe by aspiration, and 5 washes with BBST. The amount of radioactivity 
bound in each well was determined by counting in a counter which detects gamma radiation. 

The results of the immunological reactivity of C100 with purified anti-NANBs-i -i as compared to that 
of NANB5-1-1 with the purified antibodies are shown in Table 3. 

Table 3 



Immunological Reactivity of C100-3 compared to NANB 5 .,., by 
Radioimmunoassay 


AG(ng) 


RIA (cpm/assay) 


400 


320 


240 


160 


60 


0 


NANB 5 .,., 
C 100-3 


7332 
7450 


6732 
6985 


4954 
5920 


4050 
5593 


3051 
4096 


57 
67 



The results in Table 3 show that anti-NANB 5 -, -i recognizes an epitope(s) in the C100 moiety of the 
C100-3 polypeptide. Thus NANB5-1-1 and C100 share a common epitope(s). The results suggest that the 
cDNA sequence encoding this NANBV epitope(s) is one which is present in both clone 5-1-1 and in clone 
81. 



IV.H. Characterization of HCV 



IV.H.l. Characterization of the Strandedness of the HCV Genome. 

The HCV genome was characterized with respect to its strandedness by isolating the nucleic acid 
fraction from particles captured on anti-NANBs -1 -* antibody coated polystyrene beads, and determining 
whether the isolated nucleic acid. hybridized with plus and/or minus strands of HCV cDNA. 

Particles were captured from HCV infected chimpanzee plasma using polystyrene beads coated with 
immunopurified anti-NANB 5 -t -1 antibody as described in Section IV.F.1. The nucleic acid component of 
the particles was released using the method described in Section IV.F.2. Aliquots of the isolated genomic 
nucleic acid equivalent to 3 mis of high titer plasma were blotted onto nitrocellulose filters. As controls, 
aliquots of denatured HCV cDNA from clone 81 (2 picograms) was also blotted onto the same filters. The 
filters were probed with 32 P-labeled mixture of plus or mixture of minus strands of single stranded DNA 
cloned from HCV cDNAs; the cDNAs were excised from clones 40b. 81. and 25c. 

Th single stranded probes were obtained by excising the HCV cDNAs from clones 81. 40b, and 25c 
with EcoRI, and cloning the cDNA fragments in M13 vectors, mp!8 and mpi9 [Messing (1983)]. The M13 
clones were sequenced to determine whether they contained the plus or minus strands of DNA derived 
from the HCV cDNAs. Sequencing was by the dideoxychain termination method of Sanger et ai. (1977). 

Each of a set of duplicate filters containing aliquots of the HCV genome isolated from the captured 
particles was hybridized with either plus or minus strand probes derived from the HCV cDNAs. Fig. 41 
shows the autoradiography obtained from probing the NANBV genome with the mixture of probes d rived 
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from clones 81. 40b. and 25c. This mixture was used to increase the sensitivity of the hybridization assay 
The samples in panel I were hybridized with the plus strand probe mixture. The samples in panel II were 
probed by hybridization with the minus strand probe m.xture. The composition of the samples in the panels 
of the immunoblot are presented in table 4. 

Table 4 



10 



15 



lane 


A 


6 


1 


HCV genome 




2 






3 




cDNA 81 


4 




cDNA 81 



is an undescribed sample. 



20 



As seen from the results in Fig. 41. only the minus strand DNA probe hybridizes with the isolated HCV 
genome This result, in combination with the result showing that the genome is sensitive to RNase and not 
DNase (See Section IV.C.2.). suggests that the genome of NANBV is positive stranded RNA 

MAMm? 8 ® d3,a ' ^ d3ta fr ° m ° ther ,abora,ories concerning the physicochemical properties of a putative 
NANBV(s). are consistent with the possibility that HCV is a member of the Flaviviridae However the 
possibility that HCV represents a new class of viral agent has not been eliminated 
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'VH.2. Detection of Sequences in Captured Particles 

Which When Amplified by PCR Hybridize to HCV cDNA Derived from Clone 81 

T ^K R u A J", CaptUred P3rtiCleS W3S ° b,ained as describe d in Section IV.H.1. The analysis for sequences 
which hybridize to the HCV cDNA derived from clone 81 was carried out utilizing the PCR amplification 
procedure, as described in Section IV.C.3. except that the hybridization probe was a kinased oligonucleotide 
derived from the clone 81 cDNA sequence. The results showed that the amplified sequences hybridized 
with the clone 81 derived HCV cDNA probe. y «j 

IV113. Homology Between the Non-Structural Protein of Dengue Flavivirus (MNWWVD1) and the HCV 
35 Polypeptides Encoded by the Combined ORF of Clones I4i Through 39c 

The combined HCV cDNAs of clones 14i through 39c contain one continuous ORF. as shown in Fig 26 
The polypeptide encoded therein was analyzed for sequence homology with the region of the non-structurai 
polypeptide^) ,n Dengue flavivirus (MNWVD1). The analysis used the Dayhoff protein data base, and was 
performed on a computer. The results are shown in Fig. 42. where the symbol (:) indicates an exact 
homology, and the symbol (.) indicates a conservative replacement in the sequence; the dashes indicate 
spaces inserted into the sequence to achieve the greatest homologies. As seen from the figure, there is 
s.gn. .cant homology between the sequence encoded in the HCV cDNA. and the non-structural polypeptide- 
's) of Dengue virus. In addition to.the homology shown in Fig. 42. analysis of the polypeptide segment 
encoded m a region towards the 3 -end of the cDNA also contained sequences which are homologous to 
sequences in the Dengue polymerase. Of consequence is the finding that the canonical Gly-Asp-Asp (GDD) 

ZZTT I 9 ,'l be 6SSential f ° r RNA - de P ende "t R NA polymerases is contained in the polypeptide 
encoded ,n HCV cDNA. in a location which is consistent with that in Dengue 2 virus. (Data not shown ) 
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IVjH.4. HCV-DNA is Not Detectable in . NANBHJnfe,cte.d„Tissue 



Two types of studies provide results suggesting that HCV-DNA is not detectable in tissue from an 
individual with NANBH. These results, in conjunction with those described in IV.C. and IV H 1 and IV H 2 
ss prov.de evidence that HCV is not a DNA containing virus, and that its replication does not involve cDNa' 



*V-H.4.a. Southern Blotting Procedure 
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In order to aetermine whether NANBH infected chimpanzee liver contains detectable HCV-DNA (or 
HCV-cDNA), restriction enzyme fragments of DNA isolated from this source was Southern blotted, and the 
blots probed with :2 P-labeled HCV cDNA. The results showed that the labeled HCV cDNA did not hybridize 
to the blotted DNA from the infected chimpanzee liver. It also did not hybridize to control blotted DNA from 
normal chimpanzee liver. In contrast, in a positive control, a labeled probe of the beta-interferon gene 
hybridized strongly to Southern blots of restriction enzyme digested human placental DNA. These systems 
we're designed to detect a single copy of the gene which was to be detected with the labeled probe. 

DNAs were isolated from the livers of two chimpanzees with NANBH. Control DNAs were isolated from 
uninfected chimpanzee liver, and from human placentas. The procedure for extracting DNA was essentially 
according to Maniatis et al. (1982). and the DNA samples were treated with RNAse during the isolation 
procedure. 

Each DNA sample was treated with either EcoRI. Mbol. or HinCIl (12 micrograms), according to the 
manufacturer's directions. The digested DNAs were electrophoresed on 1% neutral agarose ge!s t Southern 
blotted onto nitrocellulose, and the blotted material hybridized with the appropriate nick-translated probe 
cDNA (3 x 10 6 cpm/ml of hybridization mix). The DNA from infected chimpanzee liver and normal liver were 
hybridized with 22 P-labeled HGV cDNA from clones 36 plus 81; the DNA from human placenta was 
hybridized with 32 P-labeled DNA from the beta-interferon gene. After hybridization, the blots were washed 
under stringent conditions, i.e., with a solution containing 0.1 x SSC. 0.1% SDS. at 65* C. 

The beta-interieron gene DNA was prepared as described by Houghton et al (1981). 



IV.H.4.b. Amplification by the PCR Technique 



In order to determine whether HCV-DNA could be detected in tiver from chimpanzees with NANBH, 
DNA was isolated from the tissue, and subjected to the PCR amplification-detection technique using 
primers and probe polynucleotides derived from HCV cDNA from clone 81. Negative controls were DNA 
samples isolated from uninfected HepG2 tissue culture cells, and from presumably uninfected human 
placenta. Positive controls were samples of the negative control DNAs to which a known relatively small 
amount (250 molecules) of the HCV cDNA insert from clone 81 was added. 

In addition, to confirm that RNA fractions isolated from the same livers of chimpanzees with NANBH 
contained sequences complementary to the HCV-cDNA probe, the PCR amplification-detection system was 
also used on the isolated RNA samples. 

In the studies, the DNAs were isolated by the procedure described in Section IV.H.4.a. and RNAs were 
extracted essentially as described by Chirgwin et al. (1981). 

Samples of DNA were isolated from 2 infected chimpanzee livers, from uninfected HepG2 cells, and 
from human placenta. One microgram of each DNA was digested with Hindlll according to the manufac- 
turer's directions. The digested samples were subjected to PCR amplification and detection for amplified 
HCV cDNA essentially as described in Section IV.C.3., except that the reverse transcriptase step was 
omitted. The PCR primers and probe were from HCV cDNA clone 81. and are described in Section IV.C.3.. 
Prior to the amplification, for positive controls, a one microgram sample of each DNA was "spiked" by the 
addition of 250 molecules of HCV cDNA insert isolated from clone 81. 

In order to determine whether HCV sequences were present in RNA isolated from the livers of 
chimpanzees with NANBH, samples containing 0.4 micrograms of total RNA were subjected to the 
amplification procedure essentially as described in Section IV.C.3., except that the reverse transcriptase 
was omitted from some of the samples as a negative control. The PCR primers and probe were from HCV 
cDNA clone 81 . as described supra. 

The results showed that amplified sequences complementary to the HCV cDNA probe were not 
detectable in the DNAs from infected chimpanzee liver, nor were they detectable, in the negative controls. In 
contrast, when the samples, including the DNA from infected chimpanzee liver, was spiked with the HCV 
cDNA prior to amplification, the clone 81 sequences were detected in all positive control samples. In 
addition, in the RNA studies, amplified HCV cDNA clone 81 sequences were detected only when reverse 
transcriptase was used, suggesting strongly that the results were not due to a DNA contamination. 

These results show that hepatocytes from chimpanzees with NANBH contain no. or undetectable I v Is, 
of HCV DNA. Based upon the spiking study, if HCV DNA is present, it is at a level far below .06 copies per 
hepatocyte. In contrast, the HCV sequences in total RNA from the same liver samples was readily detected 
with the PCR technique. 
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— ^ A Determinations for HCV Infection Usinn htw rjnn^ ^ 

All samples were assayed using the HCV dOO-3 ELISA. This assay utilizes the HCV d00 3 a „H„p„ 

wJ" SSL 1 *?, S0 ' Ut,0n W3S fem0ved by aspiration - 1,16 we "* w ere washed once with 400 micro! ters 

x^oo ' j? ™vt t :tt.: h 7a - 140 mM sodium ch,oride - ^ 

™ „?• 001 /o (W/V) Th,m erosal). After removal of the wash solution. 200 microliters-well of PostcrJ 
so.ut.on (lO.mM sodium phosphate. P H 7.2. 150 mM sodium chloride 0.1% (Z ^ cL^n 1 2 mM 
pheny.methy,su.fon y .f,uoride (PMSF)) was added, the plates were loosely covered T preve « eZorZo 
and were allowed to stand at room temperature for 30 minutes. The weUs were then SSSLTSmS 

s-^^^jzr^ without she,f heati - - — 

addi ,0 „ Perf0rm ,he EUSA de,ermi ^tion. 20 microliters of serum samp.e or control sample was 
lrMteH : Pnospnate. pH 7.2. 150 mM sod.um chlor.de. 50% (V.-V) fetal bovine serum 1% (VW heat 

,«anTL ^ZS' 8 - 6 ,eaC " 0,,S ^ " y 0,8 Mdifc " " 50 « «*»* 

In the examples described below, the following abbreviations are used: 
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A 1 T 

AL 1 


Alanine amino transferase 


Anti-HBc 


Antibody against HBc 


Anti-HBsAg 


Antibody against HBsAg 


HBc 


Hepatitis B core antigen 


ABsAg 


Hepatitis B surface antigen 


IgG 


Immunoglobulin G 


IgM 


Immunoglobulin M 


IU/L 


International units/Liter 


NA 


Not available 


NT 


Not tested 


N 


Sample size 


Neg 


Negative 


OD 


upucai uensiiy 


Pos 


Positive 


s/co 


Signal/cutoff 


SD 


Standard deviation 


X 


Average or mean 


WNL 


Within normal limits 



IV I - 1 - H CV Infection in a Population of Random Blood Donors 

A group of 1,056 samples (fresh sera) from random blood donors were obtained from Irwin Memorial 
Blood Bank, San Francisco, California. The test results obtained with these samples are summarized in a 
histogram showing the distribution of the OD values (Fig. 43). As seen in Fig. 43. 4 samples read >3. 1 
sample reads between 1 and 3, 5 samples read between 0.4 and 1, and the remaining 1,046 samples read 
<0.4 t with over 90% of these samples reading <0.1 . 

The results on the reactive random samples are presented in Table 5. Using a cut-off value equal to the 
mean plus 5 standard deviations, ten samples out of the 1.056 (0.95%) were initially reactive. Of these, five 
samples (0.47%) repeated as reactive when they were assayed a second time using the ELISA. Table 5 
also shows the ALT and Anti-HBd status for each of the repeatedly reactive samples. Of particular interest 
is the fact that all five repeat reactive samples were negative in both surrogate tests for NANBH while 
scoring positive in the HCV ELISA. 
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TABLE 5 



RESULT S ON REACTIVE RANDOM SAMPLES 

N = 1051 
x~ = 0.049* 
SD = r 0.074 

Cut-off: T+ 5SD = 0.419 (0.400 + Negative Control) 



Samples 


Initial Reactives OD 


Repeat Reactives 
OD 


ALT" 

(IU/L) 


Anti HBc ' 
(OD) 


4227 


0.462 


0.084 


NA 


NA 


6292 


0.569 


0.294 


NA 


NA 


6188 


0.699 


0.326 


NA 


NA 


6157 


0.735 


0.187 


NA 


NA 


6277 


0.883 


0.152 


NA 


NA 


6397 


1.567 


1.392 


30.14 


1.433 


6019 


> 3.000 


>3.000 


46.48 


1.057 


6651 


> 3.000 


> 3.000 


48.53 


1.343 


6669 


>3.000 


>3.000 


60.53 


1.165 


4003 


>3.000 


3.000 


WNL~~ 


Negative 




10/1056 = 0.95% 


5 1056 = 0.47% 





* Samples reading > i .5 were not included in calculating the Mean and SD 
" ALT > 68 IU/L is above normal limits. 



Anti-HBc S 0.535 (competition assay) is considered positive. 
WNL: Within normal limits. 



IV-l-2. Chimpanzee Serum Samples 

Serum samples from eleven chimpanzees were tested with the HCV clOO-3 ELISA Four of these 
chimpanzees were infected with NANBH from a contaminated batch of Factor VIII (presumably Hutchinson 
strain), following an established procedure in a collaboration with Dr. Daniel Bradley at the Centers for 
Disease Control. As controls, four other chimpanzees were infected with HAV and three with HBV Serum 
samples were obtained at different times after infection. 

The results, which are summarized in Table 6. show documented antibody seroconversion in all 
chimpanzees infected with the Hutchinson strain of NANBH. Following the acute phase of infection (as 
evidenced by the sign.ficant rise and subsequent return to normal of ALT levels), antibodies to HCV c100-3 
became detectable in the sera of the 4/4 NANBH infected chimpanzees. These samples had previously 
been shown, as discussed in Section IV.B.3.. to be positive by a Western analysis, and an RIA. In contrast 
none of the control chimpanzees which had been infected with HAV or HBV showed evidence of reactivity 
in the ELISA. ' 
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TART.E 6 
CHIMPANZEE SERUM SAMPLES 



10 



Negative Control 
Positive Control 
Cutoff 



CD 



0.001 
1.501 
0.401 



S/C0 



Inoculation 
Date 



Bleed 
Date 



ALT 

nu/u 



Transfused 



75 



Chimo 1 



ChimD 2 



20 



25 



30 



ChimD 3 



Chimo 4 



ChimD 5 



35 



40 



ChimD 6 



ChimD 7 



45 



-0.007 
0.003 
>3.000 
>3.UO0 



-0.003 
-U.005 
.0.915 
>3.000 

"0.1X75 
0.017 
0.00G 
1. 010 

-0.006 
0.003 
0.523 
1.571 

-0.006 
0.001 
0.003 
0.006 



-0.005 
0.001 

-0.004 
0.290 

-O.008 
-0.004 
-0.006 
0.005 



0.00 
0.01 
>7.48 
>7.48 



0.00 
0.00 
2.3G 
>7.18 

0.01 
0.01 
0.01 
2.52 

0.00 
0.01 
1.31 
3.93 

0.00 
0.00 
0.01 
0.01 



0.00 
0.00 
0.00 
0.72 

0.00 
0.00 
0.00 
0.01 



05/24/84 



06/07/84 



05/24/84 



03/14/85 



03/11/85 



11/21/80 



05/25/82 



05/25/82 



08/07/81 " 

WO* W/ / O 1 


71 


09/18/84 


IQ 

l j 


10/24/84 




05/31/81 


- 5 


06/28/84 


C7 

Ji- 


08/20/81 


ll 


10/24/84 




03/14/85 


8 


04/26/85 


705 


05/06/85 


to 


08/20/85 

wo/ & w/ o ^ 


c 

D 


03/11/85 


11 


05/09/85 


132 


06/06/85 




08/01/85 




11/21/80 


4 


12/16/80 


l«7 


12/30/80 


18 


07/29 - 08/21/81 


5 


05/17/82 




06/10/82 


10C 


07/06/82 


10 


10/01/82 




05/25/82 


7 


06/17/82 


83 


09/16/82 


5 


10/09/82 





NANB 



NANB 



KAND 



NAffD 



HAV 



HAV 



HAV 



50 
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TABLE b 
CHIMPANZT-Z SERLM SAMPLES 
(Cont'd) 



10 



is 



Chimp 8 



Chimp 9 



20 



25 



30 



Chimp 10 



Chimp 11 



0D 

-0.007 
0.000 
0.001 
0.000 



0.019 

0.015 
0.008 



0.011 
0.015 
0.008 
0.010 



0.000 

-0.003 
-0.005 
-0.003 



S/CO 

0.00 
0.00 
0.01 
0.00 



0.05 

0.01 
0.02 



0.03 

o.oi 

0.02 
0.02 



0.00 

0.00 
0.00 
0.00 



Inoculation 
Date 

11/21/20 



07/21/80 



Bleed 
Dm 



05/12/82 



05/12/82 



11/21/80 
12/16/80 
02/03/81 
06/03 - 06/10/81 



08/22 - 10/10/79 

03/11/81 
07/01 - 08/05/81 

10/01/81 



01/21 - 05/12/82 
09/01 - 09/08/82 

12/02/82 

01/06/83 



01/0C - 05/12/82 

06/23/82 
06/09 - 07/07/82 

10/28/82 

12/20/82 



ALT 
(IU/L) 

15 
130 
8 

1.5 



57 
9 
6 



9 

126 
9 

13 



11 
100 

9 
10 



I1AV 
IIBV 



IIDV 



IIBV 



35 



40 



45 



50 
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JV±3. Panel 1: Proven Infectious Sera from Chronic Human NANBH Carriers 



pedigreed negative controls IZ nthl, ? P add,,l0n ' the sam P les were ,rom 
Department 0 ? Hea.th and Huml 2 ^ Pane ' was P r0vided b V Dr. H. Alter of the 

was construe p Or Ater sev l^'JT^ " ^ ^ 

putative NANBH assays. 9 " bee " US6d by Dr Alter as 3 " uali, y in 9 panel for 

^r^oTiST ****** EUSA aSSay " ,he r6SUltS Were sent to Dr - Alt-r to be 

set v\ aS= sasssr - — - - « 

results in t I iTes ZZnltT^ T' ^ M ALT ,ev6 ' S and e « uivocal 

individual with ^tffmS- f£? ^- n0n - reac,,ve '"-tne-assay: Three- other seTiaTs-^pimrWone- 

negative contro.s ol^ C °-" a <™ "» »** P«*~« 

were non-reactive in the ELISA finali! I, , ,7,h donat.ons without hepatitis implication, 

putative NANBH assays develonprf ^ th ? 6 SamP ' eS ,6S,ed h3d previ0US 'y scored as in 

scored negaleVS: ^ HCVEUs/ ^ ^ ™ W C ° nfirmab,e - These <™ ^ 
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TABLE 7 



H. ALTER'S PANEL 1: 


PANEL 


1ST 


2ND 




RESULT 


RESULT 


1) PROVEN INFECTIOUS BY CHIMPANZEE 


TRANSMISSION 






A. CHRONIC NANB: POST-TX . 


JF 




+ 


EB 


+ 


+ 


PG 




+ 


B. IMPLICATED DONORS WITH ELEVATED 


ALT 






BC 


+ 


+ 


JJ 


+ 


+ 


BB 


+ 


+ 


C. ACUTE NANB: POST-TX 


WH 






2) EQUIVOCALLY INFECTIOUS BY 




CHIMPANZEE TRANSMISSION 




A. IMPLICATED DONOR WIH NORMAL ALT 


CC 






3) ACUTE NANB: POST-TX 


JL WEEK 1 






JL WEEK 2 






JL WEEK 3 






4) DISEASE CONTROLS 


A PRIMARY BILIARY CIRRHOSIS 


EK 






B. ALCOHOLIC HEPATITIS IN RECOVERY 


HB 






5) PEDIGREED NEGATIVE CONTROLS 


DH 






DC 






LV 






HL 






AH 






6) POTENTIAL NANB "ANTIGENS" 


JS-80-OIT-O (ISHIDA) 






ASTERIX (TREPO) 






ZURTZ (ARNOLD) 






BECASSDINE (TREPO) 
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with oSc Tm ^ sLo, es f! eqUiV ° Ca ' d ° no " eci <> ient «»« ° f ^nsfusion assorted NANBH. 

T ^r ia ?«f= , ,f P C2Se COns,s,ed of sam P ,es of som * ° f a" the donors to the redolent and 

l\Z Ll T 3 ' 6 - 12 m ° mhS after trans,usion > <™ '•ci**- Also ncluded w7s a ore- 

NIH. and the results were sent to him for scoring 

in 9 T oTlO S c U ri, W o h ; C r ^ SUmmar ' 2ed in Table 8 - * h °" 'ha, the EL.SA detected antibody seroconversion 
months post transfusion. At six LtJs. 8 r^^ 

"uTo? the T 4 ' a " S3 : P,eS ^ reaC,iVe - additi ° n - 31 teaSt °" e sntibody^ p^sitrv^ donor wa^ to nd n 
7 out of the 10 cases. w,th case 10 having two positive donors. Also, in case 10 the recioienfs o « h i 

leve s, whrte „ was e.evated to positive at 4 and 10 month bleeds. General.y. a S-CO of oTscoZe ed 
P Z th ' S C3Se maV fepreSent a prior in,ection °' «he individual with HCV cons,dered 

in the fable tTsTort^/ 0 ' a " ^ re3CtiVe - P ° SitiVe " Samp ' 6S are *"<™ a «*ed in Tab.e 9. As seen 
EUSA oTlhe omer Lnd »f *" ^ SUrr ° 9ate ma,kW8 a " d feaCtive in the HCV a <*body 

^^^Z'^T SamP ' eS " P * 12 ^ hs after transfusion, had eitheU 

TABLE 8 



CASE 



DONOR 



DONOR/RECIPIENT NANB PANEL 
H. ALTER DONOR/RECIPIENT NANB PANEL 



RECIPIENT 
PREBLEED 



POST-TX 



OD S/CO 



OD 



S'CO 



3 MONTHS 


6 MONTHS 


12 MONTHS 


OD 


S/CO 


OD 


S/CO 


OD 


S/CO 


.112 


0.26 


> 3.000 


>6.96 


>3.000 


>6.96 


-050 


0.12 


1.681 


3.90 


> 3.000 


>6.96 


.057 


0.13 


> 3.000 


>6.96 


> 3.000 


>6.96 


.073 


0.17 


.067 


0.16 


.217 


0.50 


.096 


0.22 


> 3.000 


>6.96 


> 3.000 


>6.96 


1.475 


3.44 


> 3.000 


>6.96 


>3.000 


>6.96 


.056 


0.13 


>3.000 


>6.96 


> 3.000 


>6.96 


.078 


0.18 


2.262 


5.28 


> 3.000 


>6.96 


.127 


0.30 


.055 


0.13 


>3.000 


>6.96 


.317- 


0.74 


> 3.000" 


>6.96 


> 3.000" 


>6.96 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



.403 

> 3.000 

> 3.000 

> 3.000 

> 3.000 

> 3.000 

> 3.000 

> 3.000 



1 MONTH, 
4 MONTHS, 
' 10 MONTHS 



0.94 

>6.96 
>6.96 
>6.96 
>6.96 
>6.96 
>6.96 
>6.96 



.032 
.059 
.049 
.065 
.034 
.056 
.034 
.061 
.080 
>3.000 



0.07 
0.14 
0.11 
0.15 
0.08 
0.13 
0.08 
0.14 
0.19 
>6.96 
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TABLE 9 





ALT AND HBc STATUS FOR REACTIVE SAMPLES IN 


5 




H. ALTER PANEL 1 






Samples 


Anti-ALF 


HBc" 




Donors 




Case 3 




Normal 


Negative 


1 u 


Case 5 




Elevated 


Positive 




Case 6 




Elevated 


Positive 




Case 7 




Not available 


Negative 




Case 8 




Normal 


Positive 




Case 9 




Elevated 


Not available 


75 


Case 10 




Normal 


Positive 




Case 10 




Normal 


Positive 




Recipients 




Case 1 


6 mo 


Elevated 


Positive 


20 


12 mo 


Elevated 


Not tested 






Case 2 


6 mo 


Elevated 


Negative 




12 mo 


Elevated 


Not tested 






Case 3 


6 mo 


Normal 


Not tested"" 




12 mo 


Elevated 


Not tested™ 




25 


Case 5 


6 mo 


Elevated 


Not tested . 




12 mo 


Elevated 


Not tested 






Case 6 


3 mo 


Elevated 


Negative 




6 mo 


Elevated 


Negative 






12 mo 


Elevated 


Not tested 




30 


Case 7 


6 mo 


Elevated 


Negative 




12 mo 


Elevated 


Negative 






Case 8 


6 mo 


Normal 


Positive 




12 mo 


Elevated 


Not tested 






Case 9 


12 mo 


Elevated 


Not tested 


35 


Case 10 


4 mo 


Elevated 


Not tested 




10 mo 


Elevated 


Not tested 





* ALT £45 IU/L is above normal limits. 

" Anti-HBc £50% (competition assay) is considered positive. 

"* Prebleed and 3 mo samples were negative for HBc. 



1VJ.5. Determination of HCV Infection in High Risk Group Samples 

45 

Samples from high risk groups were monitored using the ELISA to determine reactivity to HCV d0O-3 
antigen. These samples were obtained from Dr. Gary Tegtmeier. Community Blood Bank. Kansas City. The 
results are summarized in Table '10. 

As shown in the table, the samples with the highest reactivity are obtained from hemophiliacs (76%). In 
so addition, samples from individuals with elevated ALT and positive for Anti-HBc, scored 51% reactive, a 
value which is consistent with the value expected from clinical data and NANBH prevalence in this group. 
The incidence of antibody to HCV was also higher in blood donors with elevated ALT alone, blood donors 
positive for antibodies to Hepatitis B core alone, and in blood donors rejected for reasons other than high 
ALT or anti-core antibody when compared to random volunteer donors. 

55 
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TABLE 10 



10 



15 



20 



25 



NANBH HIGH RISK GROUP SAMPLES 



Group 



Elevated ALT 
1 

Anti-HBc 

Elevated ALT, Anti-HBc 
1 
1 
1 
1 
1 

Rejected Donors 
Donors with History of Hepatitis 
1 
1 
1 



Haemophiliacs 



35 
0.728 
24 
33 
2768 
2.324 
0.939 
0.951 
0.906 
25 
150 
0.837 
0.714 
0.469 
50 
2.568 
2.483 
2.000 
1.979 
1.495 
1.209 
0.819 



Distribution 



| % Reactive 



5 
12 



5 
19 



31 



OD 



>3.000 

> 3.000 

> 3.000 



> 3.000 

> 3.000 



> 3.000 



11.4% 

20.8% 
51.5% 



20.0% 
14.7% 



76.0% 



30 



35 



40 



45 



50 



55 



,V ,.6 Comparative Studies Using Anti^G or AntMgM Monoc.ona. Ar^odies, o_r Ppjyxjonal Antibody as a 
S^nT ArnibodT in the HCV cUKKB ELISA 

IV.I.6.a. Serial Samples from Seroconverters 

Tria7Lp.es from three cases of NANB "^J^ £ ^^T^ 
using in the enzyme conjugate either the , gG hj^** %Z£££?L> Stevens. N.Y. Blood 
monoclonal, or using a polyclonal ant.serum. The samples were prov.oeo oy 
Center. N.Y.C.. N.Y.. The sample histories are shown in Table 11 . » 

The results obtained using an anti,gG monoclonal ^body^y- 8 jugate are ho.n 
The data shows that strong reactivity is initially detected ,n samples 1-4. 2-8. and 3 5. 

.^t^su«s.o^ -teBL . — ,or,of "^™^ g ^^Z^- 
■ x_ K i- «<> Three different ratios of anti-lgG to anti-igrvi weio 
conjugate are shown in Table 13. Three amerem ^ ai ° * an ti-laM monoclonal conjugate were 

po.yc.ona. conjugate (1:80.000 dilution), or Jackson , oolycl na, con ug > d uSi a „ 

Table 14 The data indicates that initial strong reactivity is detected in samples 
thre configurations: the Tago polyclonal antibodies yielded the lowest s.gnals. 
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The results presented above show that all three configurations detect reactive samples at the same time 
after the acute phase of the disease (as evidenced by the ALT elevation). Moreover, the results indicate that 
the sens.t.vity of the HCV c100-3 ELISA using anti-IgG monoclonal-enzyme conjugate is equal to or better 
than that obtamed using the other tested configurations for the enzyme conjugate. 

TABLE 11 

DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANET. 



D*et 



HBiA f 



Anti-HBt 



fiiliruoin 



3-1 
1-2 
1-3 

1-4 

1- 5 

<Uf 2 

2- 1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 
2-11 

Cim 3 



8/3/81 

9/2/81 

10/7/81 

11/19/81 

12/13/81 



10/19/81 

11/17/81 

12/02/81 

12/14/81 

12/23/81 

1/20/82 

2/13/82 

3/17/82 

4/21/82 

3/19/82 

4/14/82 



1.0 


91.7 


12.9 


40.0 


-1.0 


1.0 


121.0 


13.1 


274.0 


1. A 


1*0 


64.0 


23.8 


261.0 


0.9 


1.0 


67.3 


33.8 


75.0 


0.9 


1.0 


30.3 


27.6 


^71.0 


1.0 



1.0 
1.0 
1.0 
1.0 

1.0. 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 



1.0 
0.8 
1.2 
0.9 
0.8 
0.8 
0.8 

0.9 

0.9 

0.5 

0.8 



116.2 
89.3 
78.3 
90.6 
93.6 
92.9 
66.7 
69.8 
67.1 

74. a 

82.9 



17.0 
46.0 
63.0 
132.0 
624.0 
66.0 
70.0 
24.0 
33.0 
95.0 
37.0 



-1.0 
l.l 
1.4 
1.4 
1.7 
1.3 
1.3 
-1.0 
1.5 
1.6 
-1.0 



3-1 

3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 



4/7/81 

5/12/81 

3/30/81 

4/9/81 

7/6/81 

8/10/81 

9/8/81 

10/14/81 

U/U/81 



1.0 


1.2 


68.4 


13.0 


-1.0 


1.0 


1.1 


126.2 


236.0 


0.4 


1.0 


0.7 


99.9 


471.0 


0.2 


1.0 


1.2 


110.8 


313.0 


0.4 


1.0 


1.1 


89.9 


273.0 


0.4 


1.0 


1.0 


118.2 


138.0 


0.4 


1.0 


1.0 


112.3 


84.0 


0.3 


1.0 


0.9 


102.5 


180.0 


0.3 


1.0 


1.0 


64.6 


134.0 


0.3 
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TABLE 12 



ELISA RESULTS OBTAINED USING AN ANTI-IgG 
- MONOCLONAL CONJUGATE 



SAMPLE 


DATE 


ALT 


OD 


S/'CO 


NEG CONTROL 






.076 




CUTOFF 






.476 




PC (1:128) 






1.390 




CASE #1 




1-1 


08/05/81 


40.0 


.178 


.37 


1-2 


09/02/81 


274.0 


.154 


.32 


1-3 


10/07/81 


261.0 


.129 


.27 


1-4 


11 -'19/81 


75.0 


.937 


1.97 


1-5 


12/15/81 


71.0 


> 3.000 


>6.30 


CASE #2 


2-1 


10H9/81 


17.0 


.058 


0.12 


2-2 


11/17/81 


46.0 


.050 


0.11 


2-3 


12.02/81 


63.0 


.047 


0.10 


2-4 


1 2/1 4/81 


152.0 


.059 


0.12 


2-5 


12'23/81 


624.0 


.070 


0.15 


2-6 


01-20/82 


66.0 . 


.051 


0.11 


2-7 


02' 15/82 


70.0 


.139 


0.29 


2-8 


03/17/82 


24.0 


1.867 


3.92 


2-9 


04/21/82 


53.0 


> 3.000 


>6.30 


2-10 


05/19/82 


95.0 


>3.000 


>6.30 


2-11 


06:14/82 


37.0 


> 3.000 


>6.30 


CASE #3 






3-1 


04/07/81 


13.0 


. .090 


.19 


3-2 


05/1 2'81 


236.0 


.064 


.13 


3-3 


05/30/81 


471.0 


.079 


.17 


3-4 


06/09/81 


315.0 


.211 


.44 


3-5 


07/06/81 


273.0 


1.707 


3.59 


3-6 


08'10/81 


158.0 


>3.000 


>6.30 


3-7 


09/0a'8l 


84.0 


> 3.000 


>6.30 


3-8 


10/14/81 


180.0 


>3.000 


>6.30 


3-9 


11/11/81 


154.0 


> 3.000 


>6.30 
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TABLE 13 



20 



25 



45 



ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM MONOCLONAL CONJUGATE 


SAMPLE 


DATE 


ALT 


NANB ELISAS 








MONOCLONALS 


MONOCLONALS 


MONOCLONALS IGG 








IGG 1:10K IGM 


IGG 1:10K IGM 


1:10K IGM 1:120K 








1;30K 




1:60K 














OD 


S/CO 


OD 


s/co 


OD 


s/co 


NEG CONTROL 






.100 




.080 




.079 




CUTOFF 


















PC (1:128) 






1.083 




1.328 




1.197 




CASE #1 


1-1 


08/05/81 


40 


.173 




.162 




.070 




1-2 


09/02/81 


274 


.194 




.141 




.079 




1-3 


10/07/81 


261 


.162 




.129 




.063 




1-4 


11/19/81 


75 


.812 




.85 




.709 




1-5 


12/15/81 


71 


>3.00 




>3.00 




>3.00 




Case #2 


2-1 


10/19/81 


17 


.442 




.045 




.085 




2-2 


11/17/81 


46 


.102 




.029 




.030 




2-3 


12/02^81 


63 


.059 . 




.036 




.027 




2-4 


12/14/81 


152 


.065 




.041 




.025 




2-5 


12/23/81 


624 


.082 




.033 




.032 




2-6 


01/20/82 


66 


.102 




.042 




.027 




2-7 


02/15/82 


70 


.188 




.068 




.096 




2-8 


03/17/82 


24 


1.728 




1.668 




1.541 




2-9 


04/21/82 


53 


>3.00 




2.443 




>3.00 




2-10 


05/19/82 


95 


>3.00 




>3.00 




>3.00 




2-11 


06/14/82 


37 


>3.00 




>3.00 




>3.00 




CASE #3 


3-1 


04/07/81 


13 


.193 




.076 




.049 




3-2 


05/12'81 


236 


.201 




.051 




.038 




3-3 


05/30/81 


471 


.132 




.067 




.052 




3-4 


06/09/81 


315 


.175 




.155 




.140 




3-5 


07/06/81 


273 


1 .335 




1.238 




1.260 




3-6 


08/10/81 


158 


>3.00 




>3.00 




>3.00 




3-7 


09/08/81 


84 


>3.00 




>3.00 




>3.00 




3-8 


10/14/81 


180 


>3.00 




>3.00 




>3.00 




3-9 


11/11/81 


154 


>3.00 




>3.00 




>3.00 
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TABLE 14 



5 



;s 



30 



3S 





ELISA RESU 


LTS OBTAINED USING POLYCLONAL CONJUGATES 


SAMPLE 


DATE 


ALT 


NANB ELISAS 








MONOCLC 


DNAL 1:1 OH 


: TAGO 1 :80K 


JACKSON 1 :80K 








OD 


S/CO 


OD 


S-'CO 


OD 


S/CO 


NEG CONTROL 
CUTOFF 

\ I . 1 do) 






.076 
.476 
1.390 




.045 
.545 
.727 




.154 
.654 
2.154 
















1-1 

1-2 
1-3 
1-4 
1-5 


08/05/81 
09/02/81 
10/07/81 
11/1 9/81 
12/15/81 


40 
274 
261 
75 
71 


.178 
.154 
.129 
.937 
>3.00 


.37 
.32 
.27 
1.97 
>6.30 


.067 
.097 
.026 
.324 
1.778 


.12 
.18 
.05 
.60 
3.27 


.153 
.225 
.167 
.793 
>3.00 


.23 
.34 
.26 
1.21 
>4.59 


CASE #2 














2-1 
2-2 
2-3 

0 A 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 


10/19/81 
11/17/81 
12/02/81 
12'14/81 
12/23/81 
01/20/82 
02/15/82 
03/17/82 
04/21/82 
05/19/82 
06/14/82 


17 
46 
63 
152 
624 
66 
70 
24 
' 53 
95 
37 


.058 
.050 
.047 
.059 
.070 
.051 
.139 
1.867 
>3.00 
>3.00 
>3.00 


.12 
.11 
.10 
.12 
.15 
.11 
.29 
3.92 
>6.30 
>6.30 
>6.30 


.023 
.018 
.020 
.025 
.026 
.018 
.037 
.355 
.748 . 
1.025 
.917 


.04 
.03 
.04 
.05 
.05 
.03 
.07 
.65 
1.37 
1.88 
1.68 


.052 
.058 
.060 
.054 
.074 
058 
.146 
1.429 
>3.00 
>3.00 
>3.00 


.08 
.09 
.09 
.08 
.11 
.09 
.22 
2.19 
>4.59 
>4.59 
>4.59 


Case #3 














3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 


04/07/81 
05/12/81 
05/30/81 
06/09/81 
07/06/81 
08/10/81 
09/08/81 
10/14/81 
11/11/81 . 


13 
236 
471 
315 
273 
158 

84 
180 
154 


.090 
.064 
.079 
.211 
1.707 
>3.00 
>3.00 
>3.00 
>3.00 


.19 
.13 
.17 
.44 
3.59 
>6.30 
>6.30 
>6.30 
>6.30 


.049 
.040 
.045 
.085 
.272 
1.347 
2.294 
>3.00 
>3.00 


.09 
.07 
.08 
.16 
.50 
2.47 
4.21 
>5.50 
>5.50 


.138 
.094 
.144 
.275 
1.773 
>3.00 
>3.00 
>3.00 
>3.00 


.21 
.14 
.22 
•42 
2.71 
>4.59 
>4.59 
>4.59 
>4.59 



IV L6 b - Samples from Random Blood Donors 

so HCV S c7oo le y FN«A rand °? b JT d0n ° rS <See SeCti0 " IV U - ) were Screened for HCV in,ec,i ° n ^ing the 
E , LISA '. Wh,ch the amibody-enzyme conjugate was either an anti-IgG monoclonal conjugate. 

~~c Q n1.,n2 ^ ^ h C ° n,U9ate total-number of samplesscreened-were 1077^-1056. for 1hepblycfcha|- 
l h f h monoclonal con i"9a.e. respectively. A summary of the results of the screening is shown 
m Table 15. and the sample distributions are shown in the histogram in Rg 44 

55 siana. over'^f 'T m* 9 * ****** deviati °" W3S performed excludin 9 sam P'« that gave a 

051 o, the annTn'r , ValU6S W6re US6d ,0r ,he Ca,CU,ations utili2i "9 ,he P 0, VC'onal conjugate, and 

th *° *1 9 L monoc,onal conjugate. As seen in Table 15. when the polyclonal conjugate was used 

0 0933 XT S k ^ ,r ° m 0 0493 '° 0 0931 • and the S,andard deviation was increased from 0.074 to 
0.0933. Moreover, the resu.ts also show that if the criteria of x + 5SD is employed to define the assay 
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cutoff, the polyclonal-enzyme conjugate configuration in the ELISA requires a higher cutoff value. This 
indicates a reduced assay specificity as compared to the monoclonal system. In addition, as depicted in the 
histogram in Fig. 44, a greater separation of results between negative and positive distributions occurs when 
random blood donors are screened in an ELISA using the anti-IgG monoclonal conjugate as compared to 
5 the assay using a commercial polyclonal label. 

TABLE 15 



COMPARISON OF TWO ELISA CONFIGURATIONS IN 
TESTING SAMPLES FROM RANDOM BLOOD DONORS 


CONJUGATE 


POLYCLONAL 
(Jackson) 


ANTMgG 
MONOCLONAL 


Number of samples - 
Average (x) 

Standard deviation (SD) 
5SD 

CUT-OFF (5 SD + x) 


1073 
0.0931 
0.0933 
0.4666 
0.5596 


1051 

0.04926 
0.07427 
0.3714 
0.4206 



IV.J. Detection of HCV Seroconversion in NANBH Patients from a Variety of Geographical Locations 



25 Sera from patients who were suspected to have NANBH based upon elevated ALT levels, and who 
were negative in HAV and HBV tests were screened using the RIA essentially as described in Section IV.D., 
except that the HCV C100-3 antigen was used as the screening antigen in the microliter plates. As seen 
from the results presented in Table 16. the RIA detected positive samples in a high percentage of the 
cases. 

30 

Table 16 



Seroconversion Frequencies for Anti-c 100-3 


Among NANBH Patients in Different Countries 


Country 


The 


Italy 


Japan 




Netherlands 






No. Examined 


5 


36 


26 


No. Positive 


3 


29 


19 


% Positive 


60 


80 


73 



45 IV.K. Detection of HCV Seroconversion in Patients with "Community Acquired" NANBH 

Sera which was obtained from 100 patients with NANBH, for whom there was no obvious transmission 
route (i.e., no transfusions, i.v. drug use, promiscuity, etc. were identified as risk factors), was provided by 
Dr. M. Alter of the Center for Disease Control, and Dr. J. Dienstag of Harvard University. These samples 

so were screened using an RIA essentially as described in Section IV.D., except that the HCV c 100-3 antigen 
was used as the screening antigen attached to the microtiter plates. The results showed that of the 100 
serum samples. 55 contained antibodies that reacted immunologically with the HCV d00-3 antigen. 

Th results described above suggest that "Community Acquir d" NANBH is also caused by HCV. 
Moreover, since it has been demonstrated herein that HCV is related to Flaviviruses, most of which are 

55 transmitted by arthropods, it is suggestive that HCV transmission in the "Community Acquired" cases also 
results from arthropod transmission. 



67 



EP 0 318 216 A1 



iV - L - Comparison of Incidence of HCV Antibodies and Surrogate Markers m Donors Implicatea in NANBH 
Transmission 

A prospective study was carried out to determine whether recipients of blood from suspected NANBH 

5 positive donors, who developed NANBH. seroconverted to anti-HCV-antibody positive. The blood donors 
were tested for the surrogate marker abnormalities which are currently used as markers for NANBH 
infection, i.e.. elevated ALT levels, and the presence of anti-core antibody. In addition, the donors were also 
tested for the presence of anti-HCV antibodies. The determination of the presence of anti-HCV antibodies 
was determined using a radioimmunoassay as described in Section IV.K. The results of the study are 

w presented in Table 17. which shows: the patient number (column 1); the presence of anti-HCV antibodies in 
patient serum (column 2); the number of donations received by the patient, with each donation being from a 
different donor (column 3); the presence of anti-HCV antibodies in donor serum (column 4); and the 
surrogate abnormality of the donor (column 5) (NT or means not tested) (ALT is elevated transaminase, 
and ANTI-HBc is anti-core antibody). 

is The results in Table 17 demonstrate that the HCV antibody test is more accurate in detecting infected 
blood donors than are the surrogate marker tests. Nine out of ten patients who developed NANBH 
symptoms tested positive for anti-HCV antibody seroconversion. Of the 11 suspected donors, (patient 6 
received donations from two different individuals suspected of being NANBH carriers). 9 were positive for 
anti-HCV antibodies, and 1 was borderline positive, and therefore equivocal (donor for patient 1). In contrast. 

20 using the elevated ALT test 6 of the ten donors tested negative, and using the anticore-antibody test 5 of 
the ten donors tested negative. Of greater consequence, though, in three cases (donors to patients 8. 9. and 
10) the ALT test and the ANTI-HBc test yielded inconsistent results. 



Table 17 

25 





DEVELOPMENT OF ANTI-HCV ANTIBODIES IN PATIENTS RECEIVING BLOOD 






FROM DONORS SUSPECTED OF BEING NANBH CARRIERS 






Patient 


Anti-HCV 


No. of 


Anti-HCV 


Surrogate 


30 




Seroconversion in 


Donations/Donors 


Positive Donor 


Abnormality 






Patient 




















Alt 


Anti-HB 




1 


yes 


18 


equiv 


no 


no 


35 


2 


yes 


18 


yes 


NT 


yes 




3 


yes 


13 


yes 


no 


no 




4 


no 


18 


no 








5 


yes 


16 


yes 


yes 


yes 


40 


6 


yes 


11 


yes(2) 


no 


no 












yes 


yes 




7 


yes 


15 


yes 


NT 


no 




8 


yes 


20 


yes 


no 


yes 




9 


yes 


5 


yes 


yes 


no 


45 


10 


yes 


15 


yes 


no 


yes 



'Same donor as anti-NANBV Positive. 



so 

IV.M. Amplification -for- Cloning of HCV cDNA" Sequences Utilizing the PCR an^r]mers~De7ived from 

Conserved Regions of Fiavi virus Genomic Sequences 

The results presented supra., which suggest that HCV is a flavivirus or flavi-like virus, allows a strategy 
55 for cloning uncharacterized HCV cDNA sequences utilizing the PCR technique, and primers derived from 
the regions encoding conserved amino acid sequences in flaviviruses. Generally, one of the primers is 
derived from a defined HCV genomic sequence, and the other primer which flanks a region of unsequenced 
HCV polynucleotide is derived from a conserved region of the flavivirus genome. The flavivirus genomes 
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are known to contain conserved sequences within the NS1. and E polypeptides, which are encoded in the 
5 -region of the ftavivirus genome. Corresponding sequences encoding these regions lie upstream of the 
HCV cDNA sequence shown in Fig. 26. Thus, to isolate cDNA sequences derived from this region of the 
HCV genome, upstream primers are designed which are derived from the conserved sequences within 
5 these flavivirus polypeptides. The downstream primers are derived from an upstream end of the known 
portion of the HCV cDNA. 

Because of the degeneracy of the code, it is probable that there will be mismatches between the 
flavivirus probes and the corresponding HCV genomic sequence. Therefore a strategy which is similar to 
the one described by Lee (1988) is used. The Lee procedure utilizes mixed oligonucleotide primers 

io complementary to the reverse translation products of an amino acid sequence; the sequences in the mixed 
primers takes into account every codon degeneracy for the conserved amino acid sequence. 

Three sets of primer mixes are generated, based on the amino acid homologies found in several 
flaviviruses. including Dengue-2 t 4 (D-2.4). Japanese Encephalitis Virus (JEV). Yellow Fever (YF), and West 
Nile Virus (WN). The primer mixture derived from the most upstream conserved sequence (5'-1), is based 

75 upon the amino acid sequence giy-trp-giy. which is part of the conserved sequence asp-arg-gly-trp-gly- 
aspN found in the E protein of D-2, JEV, YF, and WN. The next primer mixture (5'-2) is based upon a 
downstream conserved sequence in E protein, phe-asp-gly-asp-ser-tyr-ileu-phe-gly-asp-ser-tyr-ileu. and is 
derived from phe-giy-asp: the. conserved sequence is present in D-2, JEV, YF, and WN. The third primer 
mixture (5 -3). is based on the amino acid sequence arg-ser-cys, which is part of the conserved sequence 

20 cys-cys-arg-ser-cys in the NS1 protein of D-2, D-4, JEV, YF, and WN. The individual primers which form 
the mixture in 5 -3 are shown in Fig. 45. In addition to the varied sequences derived from conserved region, 
each primer in each mixture also contains a constant region at the s'-end which contains a sequence 
encoding sites for restriction enzymes. Hindlll, Mbol, and EcoRI. 

The downstream primer, ssc5h20A. is derived from a nucleotide sequence in cione 5h, which contains 

25 HCV cDNA with sequences with overlap those in clones 14i and 11b. The sequence of ssc5h20A is 

5' GTA ATA TGG TGA CAG AGT CA 3'. 

An alternative primer, ssc5h34A, may also be used. This primer is derived from a sequence in clone 5h, 
30 and in addition contains nucleotides at the 5'-end which create a restriction enzyme site, thus facilitating 
cloning. The sequence of ssc5h34A is 

5' GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3'. 

The PCR reaction, which was initially described by Saiki et al. (1986), is carried out essentially as 
described in Lee et al. (1988). except that the template for the cDNA is RNA isolated from HCV infected 
chimpanzee liver, as described in Section IV.C.2., or from viral particles isolated from HCV infected 
chimpanzee serum, as described in Section IV.A.1. In addition, the annealing conditions are less stringent in 
the first round of amplification (0.6M NaCI, and 25 * C). since the part of the primer which will anneal to the 
HCV sequence is only 9 nucleotides, and there could be mismatches. Moreover, if ssc5h34A is used, the 
additional sequences not derived from the HCV genome tend to destabilize the primer-template hybrid. 
After the first round of amplification, the annealing conditions can be more stringent (0.066M NaCI, and 
32 C-37 C), since the amplified sequences now contain regions which are complementary to. or duplicates 
of the primers. In addition, the first 10 cycles of amplification are run with Klenow enzyme I, under 
appropriate PCR conditions for that enzyme. After the completion of these cycles, the samples are 
extracted, and run with Tag polymerase, according to kit directions, as furnished by Cetus/Perkin-Elmer. 

After the amplification, the amplified HCV cDNA sequences are detected by hybridization using a probe 
derived from clone 5h. This probe is derived from sequences upstream of those used to derive the primer, 
and does not overlap the sequences of the clone 5h derived primers. The sequence of the probe is 

5' CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC GTG TGG CGG TGT TGT TCT 
CGT CGG GTT GAT GGC GC 3'. 



55 

IV.N.1. Creation of HCV cDNA Library from liver of a Chimpanzee with infectious NANBH 

An HCV cDNA library was created from liver from the chimpanzee from which the HCV cDNA library in 
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Section IV.A.i. was created. The technique for creating me library was similar to that in Section IV.A.24. 
except for this different source of the RNA. and that a primer based on the sequence of HCV cDNA in clone 
11b was used. The sequence of the primer was 

5' CTG GCT TGA AGA ATC 3'. 



IV N.2. Isolation and nucleotide sequence of overlapping HCV cDNA in clone k9-l to cDNA in clone 11b 

Clone k9-1 was isolated from the HCV cDNA. library created from the liver of an NANBH infected 
chimpanzee, as described in Section IV.A.25. The library was screened for clones which overlap the 
sequence in clone lib. by using a clone which overlaps clone lib at the s'-terminus, clone He. The 
sequence of clone 1 lb is shown in Fig. 23. Positive clones were isolated with a frequency of 1 in 500.000. 
One isolated clone. k9-1, was subjected to further study. The overlapping nature of the HCV cDNA in clone 
k9-l, to the 5 -end of the HCV-cDNA sequence in Fig. 26 was confirmed by probing the clone with clone 
Alex 46: this latter clone contains an HCV cDNA sequence of 30 base pairs which corresponds to those 
base pairs at the 5 terminus of the HCV cDNA in clone 14i, described supra.. 

The nucleotide sequence of the HCV cDNA isolated from clone k9-1 was determined using the 
. techniques described supra. The sequence of the HCV cDNA in clone k9-l, the overlap with the HCV cDNA 
in Fig. 26, and the amino acids encoded therein are shown in Fig. 46. 

The HCV cDNA sequence in clone k9-1 has been aligned with those of the clones described in Section 
LV.A.19. to create a composite HCV cDNA sequence, with the k9-1 sequence being placed upstream of the 
sequence shown in Fig. 32. The composite HCV cDNA which includes the k9-1 sequence and the amino 
acids encoded therein is shown in Fig. 47. 

The sequence of the amino acids encoded in the s'-region of HCV cDNA shown in Fig. 47 has been 
compared with the corresponding region of one of the strains of Dengue virus, described supra., with 
respect to the profile of regions of hydrophobic^ and hydrophilicity. This comparison showed that the 
polypeptides from HCV and Dengue encoded in this region, which corresponds to the region encoding NS1 
(or a portion thereof), have a similar hydrophobic/hydrophilic profile. 

The information provided infra, allows the identification of HCV strains. The isolation and characteriza- 
tion of other HCV strains may be accomplished by isolating the nucleic acids from "body components which 
contain viral particles, creating cDNA libraries using polynucleotide probes based on the HCV cDNA probes 
described infra., screening the libraries for clones containing HCV cDNA sequences described infra,, and 
comparing the HCV cDNAs from the new isolates with the cDNAs described infra. The polypeptides 
encoded therein, or in the viral genome, may be monitored for immunological cross-reactivity utilising the 
polypeptides and antibodies described supra. Strains which fit within the parameters of HCV. as described 
m the Definitions section, supra., are readily identifiable. Other methods for identifying HCv strains will be 
obvious to those of skill in the art. based upon the information provided herein. 



Industrial Applicability 



The invention, in the various manifestations disclosed herein, has many industrial uses, some of which 
are the following. The HCV cDNAs may be used for the design of probes for the detection of HCV nucleic 
acids in samples. The probes derived from the cDNAs may be used to detect HCV nucleic acids in, for 
example, chemical synthetic reactions. They may also be used in screening programs for anti-viraf agents, 
to determine the effect of the agents in inhibiting viral replication in cell culture systems, and animal model 
systems. The HCV polynucleotide probes are also useful in detecting viral nucleic acids in humans, and 
J?L u _s. _may_ serve as_a_b.asis_for„. diagnosis-of-HCV-infections in humans: 

In addition to the above, the cDNAs provided herein .provide information and a means for synthesizing 
polypeptides containing epitopes of HCV. These polypeptides are useful in detecting antibodies to HCV 
antigens. A series of immunoassays for HCV infection, based on recombinant polypeptides containing HCV 
epitopes are described herein, and will find commercial use in diagnosing HCV induced NANBH, in 
screening blood bank donors for HCV-caused infectious hepatitis, and also for detecting contaminated blood 
from infectious blood donors. The viral antigens will also have utility in monitoring the efficacy of anti-viral 
agents in animal model systems. In addition, the polypeptides derived from the HCV cDNAs disclosed 
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herein will have utility as vaccines for treatment of HCV infections. 

The polypeptides derived from the HCV cDNAs. besides the above stated uses, are also useful for 
raising anti-HCV antibodies. Thus, they may be used in anti-HCV vaccines. However, the antibodies 
produced as a result of immunization with the HCV polypeptides are also useful in detecting the presence 

5 of viral antigens in samples. Thus, they may be used to assay the production of HCV polypeptides in 
chemical systems. The anti-HCV antibodies may also be used to monitor the efficacy of anti-viral agents in 
screening programs where these agents are tested in tissue culture systems. They may also be used for 
passive immunotherapy, and to diagnose HCV caused NANBH by allowing the detection of viral antigen(s) 
in both blood donors and recipients. Another important use for anti-HCV antibodies is in affinity chromatog- 

io raphy for the purification of virus and viral polypeptides. The purified virus and viral polypeptide prepara- 
tions may be used in vaccines. However, the purified virus may also be useful for the development of cell 
culture systems in which HCV replicates. 

Cell culture systems containing HCV infected cells will have many uses. They can be used for the 
relatively large scale production of HCV. which is normally a low titer virus. These systems will also be 

T5 useful for an elucidation of the molecular biology of the virus, and lead to the development of anti-viral 
agents. The cell culture systems will also be useful in screening for the efficacy of antiviral agents. In 
addition, HCV permissive cell culture systems are useful for the production of attenuated strains of HCV. 

For convenience, the anti-HCV antibodies and HCV polypeptides, whether natural or recombinant, may 
be packaged into kits. 

20 The method used for isolating HCV cDNA, which is comprised of preapring a cONA library derived from 
infected tissue of an individual, in an expression vector, and selecting clones which produce the expression 
products which react immunologically with antibodies in antibody-containing body components from other 
infected individuals and not from non-infected individuals, may also be applicable to the isolation of cDNAs 
derived from other heretofore uncharacterized disease-associated agents which are comprised of a genomic 

25 component. This, in turn, could lead to isolation and characterization of these agents, and- to diagnostic 
reagents and vaccines for these other disease-associated agents. 

Claims 

30 

1. A purified HCV polynucleotide. 

2. A recombinant HCV polynucleotide. 

3. A recombinant polynucleotide comprising a sequence derived from an HCV genome or from HCV 
cDNA. 

35 4. A recombinant polynucleotide encoding an epitope of HCV. 

5. A recombinant vector containing the polynucleotide of claim 2, or claim 3.- or claim 4. 

6. A host cell transformed with the vector of claim 5. 

I. A recombinant expression system comprising an open reading frame (ORF) of DNA derived from an 
HCV genome or from HCV cDNA, wherein the ORF is operably linked to a control sequence compatible 

40 with a desired host. 

8. A cell transformed with the recombinant expression system of claim 7. 

9. A polypeptide produced by the cell of claim 8. 

10. Purified HCV. 

II. A preparation of polypeptides from the HCV of claim 10. 
45 12. A purified HCV polypeptide. 

13. A purified polypeptide comprising an epitope which is immunologically identifiable with an epitope 
contained in HCV. 

14. A recombinant HCV polypeptide. 

15. A recombinant polypeptide comprised of a sequence derived from an HCV genome or from HCV 
so cDNA. 

16. A recombinant polypeptide comprised of an HCV epitope. 

17. A fusion polypeptide comprised of an HCV polypeptide. 

18. A monoclonal antibody dir cted against an HCV epitope. 

19. A purified preparation of polyclonal antibodies directed against HCV. 

55 20. A particle which is immunogenic against HCV infection comprising a non-HCV polypeptide having 
an amino acid sequence capable of forming a panicle when said sequence is produced in a eukaryotic 
host, and an HCV epitope. 

21. A polynucleotide probe for HCV. 
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o O lvntil k l f0r T' y2inQ SamP ' eS '° r PreS6nCe °' P^V^cieonoes derived from HCV comprising a 
suitab" J comamer C ° ntam ' n9 ' " M6e ^ °' ab ° Ut 8 °' m0re " UCleotides - in a 

aoainst' L'hcv HT**? hT" ** Pr6SenCe °' HCV an, '9 en comprising an antibody directed 
against the HCV antigen to be detected, in a suitable container 

comnlnn 1 ^ '"Th™ 9 S3mP ' eS ^ Pr6SenCe °' 30 an,ibodies directed against an HCV antigen 
composing a polypept.de contam.ng an HCV epitope present in the HCV antigen, in a suitable container 

25. A polypeptide composed of an HCV epitope, attached to a solid substrate 

26. An antibody to an HCV epitope, attached to a solid substrate 

tr a ninrl7 th t K d Pr ° dUdn9 3 P °' ypep,ide containin 9 an "™ e^ope comprising incubating host-cells 

^l ZTl^ re T: r Ct0r C ° n,ainin9 3 S6qUenCe 6nCOdin 9 a Polypeptide containing an HCV 
epitope under conditions which allow expression of said polypeptide. 

28. A polypeptide containing an HCV epitope produced by the method of claim 27 

29. A method for detecting HCV nucleic acids in a sample comprising- 

whirr, il f T? nUC ' eiC f dS °' ,he Samp ' e Wi,h 3 pr0be ,or an HCV Polynucleotide under conditions 
sample anV " P ° ,ynUC,e ° ,ide duplex between the ^ *" d »» HCV nucleic acid from the 

(b) detecting a polynucleotide duplex which contains the probe. 

30. An immunoassay for detecting an HCV antigen comprising- 

aoainsJl^HrvTnt- 3 TT * USpec,ed of con,ainin 9 an H CV antigen with a probe antibody directed 
compSx and ' "** ^ ** f ° rmati ° n ° f a " ^^antibody 

(b) detecting an antigen-antibody complex containing the probe antibody. 

31 An immunoassay for detecting antibodies directed against an HCV antigen comprising- 
rnn( ,i a) incubatin 9 a sam P'e suspected of containing anti-HCV antibodies with a probe polypeptide which 
contams an epitope of the HCV, under conditions which allow ,he formation of an antibod Antigen 'corner 

(b) detecting the antibody-antigen complex containing the probe antigen. 

nrvL* VaCC L ne f ° r treatment of HCV infe *ion comprising an immunogenic polypeptide containing an 
Z:^™Z£^ C P0 ' yPePtide ^ Pr6Sent ^ 3 ^ in a 

-^~p2^^ — HCV * > p — 9 ica., 

effectte d Q V S eTn7n h 0r ""T, °' HCV in,eCti ° n COmpriSin9 3ttenuated HCV in a Pharmacologically 
effective dose in a pharmaceutical^ acceptable excipient. ' 

35. A tissue culture grown cell infected with HCV 
hepaf 0 cy?e^e.?hnL nfe or , ? s d n C f e,, °' C ' aim ^ * B Ce " ,s ° f 3 human ™<™Phage cell line, or is of a 

.nfectldlndlldua, 1 "'" 1613 * ^ ^ "» Ce " * °' 3 «* " ne de " ved <™ *~ - a " HCV 

immfnoo A enTcTot D e Dt P rf 7 3ntib ° dieS l ° HCV C ° mpriSin9 3dm,niste «n9 to an individual an isolated 
response P °' yPept,de COntainm 9 a " HCV epitope in an amount sufficient to produce an immune 

oJLtn TcJZ 1 TH" ant ' b0dieS ,0 HCV C ° mpriSin9 ad ™ isteri "9 to an individual the polypeptide 
admTn lr", " the preparation ""tains at least 1 immunogenic polypeptide, and the 

administering ,s of an amount sufficient to produce an immune response 

^^r^— - -^^- C ~^^ - fr ° m tne -9enome-of- an unidentified" infectious agent. ~ 

nuc.eic a L P rS t l 0S ! Ce " S ,. ,ranSf0rmed Wi,h expression vecto 's containing a cDNA library prepared from 

ZTsZ l'o*™ T , 6 mfeCted W " h the a9en ' 3nd 9rOW,n 9 said "ost ce..s under conditions 
wn.ch allow expression of polypeptide(s) encoded in the cDNA- 

an J^aTSlid* 9 ZTT". S™* °' C ° NA Wi,h ™ 3mib0dy COnt3inin 9 bod y component of 

ZecZ Z^T^ , ' eC, '° US 39ent Und6r C ° nditi0nS which a,low an -munoreaction. and 

detecting antibody-antigen complexes formed as a result of the interacting: 
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(c) growing host cells which express polypeptides that form antibody-antigen ccmplexes in step (b) 
under conditions which allow their growth as individual clones and isolating said clones: 

(d) growing cells from the clones of (c) under conditions which allow expression of polypeptide(s) 
encoded within the cDNA. and interacting the expression products with antibody containing body compo- 

5 nents of individuals other than the individual in step (a) who are infected with the infectious agent and with 
control individuals uninfected with the agent, and detecting antibody-antigen complexes formed as a result 
of the interacting; 

(e) growing host cells which express polypeptides that form antibody-antigen complexes with 
antibody containing body components of infected individuals and individuals suspected of being infected. 

70 and not with said components of control individuals, under conditions which allow their growth as individual 
clones and isolating said clones; and 

(f) isolating the cDNA from the host cell clones of (e). 
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FIG. I Translation of DNA 5-1-1 

AlaSerCysLeuAsnCysSerAlaSerllelleProAspArgGluValLeuTyrArgGlu 
1 GGCCTCCTGCTTGAACTGCTCGGCGAGCATCATACCTGACAGGGAAGTCCTCTACCGAGA 
CCGGAGGACGAACTTGACGAGCCGCTCGTAGTATGGACTGTCCCTTCAGGAGATGGCTCT 

PheAspGluMetGluGluCysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeu 
61 GTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCT 
CAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGA 

AlaGluGlnPheLysGlnLysAlaLeuGlyLeu 
121 CGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC 
GCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG 



FIG. 3 Translation of DNA 5-1-1, 81, 91&1-2 

GlyCysValVallleyalGlyArgValValLeuSerGlyLysProAlallelleProAsp 
1 CTGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTG 
GACCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGAC 

T 

ArgGluValLeuTyrArgGluPheAspGluMetGluGluCysSerGlnHisLeuProTyr 
61 ACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGT 
TGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCA 
A 

IleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyLeuLeuGln 
121 ACATCGAGCAAGGG ATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGC 
TGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG 

ThrAlaSerArgGlnAlaGluVallleAlaProAlaValGlnThrAsnTrpGlnLysLeu 
181 AGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAAC 
TCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTG 

GluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAlaGly 
241 TCG AGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGG ATACAATACTTGGCGG 
AGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCC 

LeuSerThrLeuProGlyAsnProAlalleAlaSerLeuMetAlaPheThrAlaAlaVal 
301 GCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCA TTGATG GCTTTT ACAGC TGCTG 
CGAACAGTTGCGACGGACCATTGGGGCGGT^CGAAGTAACTAC 

ThrSerProLeuThrThrSerGln 
361 TCACCAGCCCACTAACCACTAGCCAAA 
AGTGGTCGGGTGATTGGTGATCGGTTT 
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FIG. 4 Translation of DNA 81 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMet 
1 GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGAT 
CAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTA 

GluGluCysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPhe 
61 GGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 
CCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA 

LysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaPro 
121 CAAGCAG AAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC 
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGG 

AlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe 
181 TGCTGTCCAG ACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT 
ACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAA 

IleSerGlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAla 
241 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGC 
GTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACG 

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
301 TTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT 



FIG. 5 Translation of DNA 36 

AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
1 GATGCCCACTTTCTATCCCAGACAAAGCAGAGiXSGGGAGAACCTTCCTTACCTGGTAGCG 
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGC 

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp 
61 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG 
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC 

LysCysI^uIleArgL^uLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu 
121 AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG 
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGAC 

GlyAlaValGlnAsnGluIleTturLeuThrHisProValThrLysTyrlleMetThrCys 
18 1 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC 
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG 

MetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGlyValLeuAla 
241 ATGTCGGCCGACCTGGAGGTCGT^CGJVGC^Cra 
TACAGCCGGCTGGACCTCCAGCAGTCCTCGTGGACCCACGAGCA^ 



AlaLeuAlaAlaTyrCysLeuSerThrGlyCysVaiVallleValGlyArgValValLeu 
301 GCTTTGGCCGCGTATTGCCTGTC^ACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTG 
CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 

Overlap with 81 

SerGlyLysProAlallelleProAspArgGluValLeuTyrArg 
361 TCCGGG AAGCCGGCAATCATACCTG ACAGGGAAGTCCTCTACCGAG 
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC 
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FIG. 6 Combined ORF of DNAs 36 & 81 

AspAlaHisPheLeuSeiGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAla 
^T5H™ TTOCTATCC ^ GAC ^ G ^ GAGTCGGGA GAACCTTCCTTACCTGGTAGCG 
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGC 



6] 

ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTA^ 

121 3|^£33K^^ 

TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGAC 

! o i G iy A i aValG1 ^ snGluIleThr LeuThrHisProValThrLysTyrIleMetThrCvs 
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG 
MetSerA laAspLeuGluValValThrSerThrTrpValLeuValGlvGlvValLeuAla 

CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC 
IrS?SS^S^ AAT ^ TACCTCACAGGGAAGTCCTCTA ^ 

AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTAC 

421 GA 5 GAG ^ GTGT ^ G ^CTTACeGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTC 
CTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAG 

« r i S^S^ A i^ euGlyLeuLeuGlnThr A laSerArgGlnAlaGluValIleAlaPro 
^^^^T^CCTCCTCCAGACCGCGTCCCGTC^GGCAGAGGrTATCGCCCCT 
TTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGA 



54: 

CGACAGGTCTGGTTGACCGTTTTTGAGCTCTCGAAGACCCGCTTC^ 

*m iP^^ 1 y I1 ^ ln ^ r] ^ uA1 -aGlyLeuSerThrLeuProGlyAsnProAla IleAla 
601 ATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCT 
TAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGA 

SerLeuMetAlaPheThxAlaAlaValThrSerProLeuThxThrSerGln 
661 TCATTG ATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA 
AGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT 
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FIG. 7 Translation of DNA 32 



Overlap with 81 

PheThrAlaAlaValThrSerProLeuThrThrSerGlnThrLeuLeuPheAsnlleLeu 
1 CTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATAT 
GAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTGTATA 

GlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAla 
61 TGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCG 
ACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGC 

GlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeu 
121 CTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCC 
GACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCT.TCCAGGAGTATCTGTAGG 

■ AlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGlu 
181 TTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTG 
AACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCAC 

ValProSerThrGluAspLeuValAsnLeuLeuProAlalleLeuSerProGlyAlaLeu 
241 AGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCC 
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGG 

ValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAla 
301 TCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGG 
AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCC 

ValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
361 CAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC 
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG 
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FIG. 8 Translation of DNA 35 - 

SerlleGluThrlleThrLeuProGlnAspAlaValSerArgThrGlnArgArgGlyArg 
TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG 
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC 

ThrGlyArgGlyLysProGlylleTyirArgPheValAlaProGlyGluArgProSerGly 
ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC 
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG 

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC 
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG 

ThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuProVal 
ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG 
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 



CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla 
TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC 
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 



HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAlaTyrGln 
CACTTTGTATCCCAGACAAAGCAGAGTGGGGAGAAGCTTCCTTACCTGGTAGCGTACCAA 
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT 

Overlap with 36 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCys 
GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 



LeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla 
TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT 
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 



EP 0 318 216 A1 



FIG. 9~l Combined ORF of DNAs 35,36,81 & 32 

SerlleGluThrlleThrLeuProGlnAspAlaValSerAraThrGlnArgArgGlyArg 
1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG 
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
61 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC 
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG 

HetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC 
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG 

ThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuProVal 
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG 
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC 

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla 
241 TGCCAGG ACCATCTTG AATTTTGGG AGGGCGTCTTTAC AGGCCTCACTCATATAGATGCC 
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG 

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAlaTyrGln 
•301 CACTTTCTATCCCAG ACAAAGCAG AG TGGGG AG AACCTTCCTTACCTGGTAGCGTACCAA 
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCys 
361 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG AAGTGT 
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA 

LeulleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla 
4 21 TTG ATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAG ACTGGGCGCT 
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA 

ValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSer 
481 GTTCAG AATG AAATCACCCTGACGCACCCAGTCACCAAATACATCATG ACATGCATGTCG 
CAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGC 

AlaAspLeuGluValValThrSerThrTrpValLeuValGlyGlyValLeuAlaAlaLeu 
541 GCCGACCTGG AGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTG 
CGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAAC 

AlaAlaTyrCysLeuSerThrGlyCysValVallleValGlyArgValValLeuSerGly 
601 GCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGG 
CGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCC 

LysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGlu 
661 AAGCCGGCAATCATACCTGAC^GGGA^TCCTCT^^^ 
TTCGGCCGTTAGTATGGACTGTC^ 

CysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGinPheLysGln 
721 TGCTCTCAGC ACTT ACCGTACATCG AGCAAGGGATGATGCTCGCCG AGCAGTTCAAGCAG 
ACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTC 

LysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaProAlaVal 
781 AAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTC 
TTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAG 
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901 



841 CAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGG^CfTCATCArT 
GTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCT^ 

GlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeu 

gggatacaatacttggcgggcttgtcaacgctgcctggWcccgccattgc?tcat?g 
ccctatgttatgaaccgcccgaacagttgggacggaccattggggcggtaacgaagtSc 

Me ^ laPhe ThrAlaAlaValThrSerProLeuThrThrSerGlriThrLeuLeuPheAst» 

961 atggcttttacagctgctgtcacc^gcccactaaccactagc^ccctcctStc^! 1 
taccgaaaatgtcgacgacagtggtcgggtgattggtgatcggtttgggaggagaagttc: 

IleLeuG1 y G1 y Tr P v alAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheVa I 
1021 ATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTC 
TATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACAi' 

^ A i^iy LeuAlaG1 y AlaAlaI leGlySerValGlyLeuGlyLysValLeuIleAsr> 
GGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGAC 
CCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTG 

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSer 
ATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGC 
TAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCG 

GlyGluValProSerThrGluAspLeuValAsnLeuLeuProAlalleLeuSerProGly 
GGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGA 
CCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCT 

A i a ^ uValValG1 y Valv ' alc y s AlaAlaIleLeuArgArgHisValGlyProGlyGlu 
^^?5 G ^ AGTCGGCGTGGT CTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAG 
CGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTC 

1321 

1321 GGGGGAGTGCAGTGGA TGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCC(: 
CCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGC' 1 

FIG. 9-2 



1081 



1141 



1201 



1261 
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FIG. 10 Translation of DNA 37b 



LeuAlaAlaLysLeuValAlaLeuGlylleA'snAlaValAlaTyrTyrArgGlyLeuAsp 
1 CTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC 
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG 



ValSerVallleProThrSerGlyAspValValValValAlaThrAspAlaLeuMetThr 
61 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC 
CACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGG 



GlyTyrThrGlyAspPheAspSerVallleAsDTyrAsnThrCysValThrGlnThrVal 
121 GGCTATACCGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAG ACAGTC 
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG 

Overlap with 

AspPheSerLeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaVal 
181 GATTTCAGCCTTGACCCTACCTTCACCATTG AGACAATCACGCTCCCCCAGG ATGCTGTC 
CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG 

clone 35 

SerArgThrGlnArgArgGlyArgThr 
241 TCCCGCACTCAACGTCGGGGCAGGACTG 
AGGGCGTGAGTTGCAGCCCCGTCCTGAC 



c 

61 



FIG. II Translation of DNA 33b 

Overlap with 32 

MetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrVal 
GATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGT 
CTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCA 

ProGluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThrGln 
GCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA 
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGT 



LeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThrProCysSerGlySer 
121 GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTC 
CGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAG 

TrpLeuArgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeu 
181 CTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCT 
GACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA 



LysAlaLysLeuMetProGlnLeuProGlylleProPheValSerCvsGlnArgGlyTyr 
241 AAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTA 
TTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCAT 

LysGlyValTrpArgVal 
301 TAAGGGGGTCTGGCGAGTG 
ATTCCCCCAGACCGCTCAC 
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FIG. I 2 Translation of DNA 40b 

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 
1 GGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT 
CCGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys 
61 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG 

IleLeuGlylleGlyThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCG AGG AGGT 
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA 

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA. 



LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC 
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG 

Overlap with 37b 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACT ACCGCGGTCTTGACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 



481 



IleProThr 
CATCCCGACCAG 
GTAGGGCTGGTC 
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FIG. I 3 Translation of DNA 25c 



V 



CysSerLeuThrValThrGlnl^uLeuArgArgLeuHisGlnTrpIleSerSerGluCys 
1 ACTGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGT 
TGACGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCA 

ThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCysGluValLeu 
61 GTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGT 
CATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACA 

Overlap with 33b 

SerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlylleProPhe 
121 TG AGCG ACTTTAAG ACCTGGCT AAAAGCTAAGCTCATG CCACAGCTGCCTGGG ATCCCCT 
ACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGA 



ValSerCysGlnArgGlyTyrLysGlyValTrpArgGlyAspGlylleMetHisThrArg 
181 TTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGGGGACGGCATCATGCACACTC 
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG 

CysHisCysGlyAlaGluIleThrGlyHisValLysAshGlyThrMetArglleValGly 
241 GCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCG 
CGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGC 

ProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyrThrThrGly 
301 GTCCTAGG ACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGG 
CAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCC 

ProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGlu 
361 GCCCCTGTACCCCCCTTCCTGCGCCGAACTACAGGTTCGCGCTATGGAGGGTGTCTGCAG 
CGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC 

GluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMetThrThrAsp 
4 21 AGGAATATGTGG AG ATAAGGCAGGTGGGGG ACTTCCACTACGTGACGGGTATGACTACTG 
TCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATpAC 

AsnLeuLysCysProCysGinValProSerProGluPhePheThrGlu 
481 ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT 
TGTTAGAGTTTACGGGCACGGXCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 
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FIG. I 4- I Combined ORF of DNAs 40b/37b/35/36/81/32/33b/25c 

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 
1 TGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT 
ACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA 

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys 
61 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTG 
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGGTGCCGCCCAC 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
121 CTCGGGGGGCGCTTATG ACATAATAATTTGTGACG AGTGCCACTCC ACGGATGCCACATC 
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG 

IleUeuGlylleGlyThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValVal 
181 CATCTTGGGCATCGGCACTGTCCTTG ACCAAGCAGAG ACTGCGGGGGCG AGACTGGTTGT 
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCC AACATCG AGGAGGT 
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA 

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
301 TGCTCTGTCCACCACCGG AG AG ATCCCTTTTTACGGCAAGGCTATCCCCCTCG AAGTAAT 
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA 

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
361 CAAGGGGGGG AG ACATCTCATCTTCTGTCATTCAAAG AAG AAGTGCG ACGAACTCGCCGC 
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCG 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTG ACGTGTCCGT 
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA 

IleProThrSerGlyAspValValValValAlaTltrAspAlaLeuMetThrGlyTyrThr 
481 CATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 
GTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATG 

GlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrValAspPheSer. 
541 CGGCGACTTCGACTCGGTG ATAG ACTACAATACGTGTGTCACCCAG AC AGTCG ATTTCAG 
GCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAGCTAAAGTC 

LeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaValSerArgThr 
601 CCTTG ACCCTACCTTCACCATTG AGACAATCACGCTCCCCCAGG ATGCTGTCTCCCGCAC 
GGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTG 

GlnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGly 
661 TCAACGTCGGGGCAGG ACTGGCAGGGGGAAGCCAGGCATCTACAG ATTTGTGGCACCGGG 
AGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCC 

GluArgProSerGlyMetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCys 
721 GGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTG 
CCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGAC 

AlaTrpTyrGluLeuThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThr 
781 TGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC 
ACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTG 

ProGlyLeuProValCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu 

841 CCCGGGGCTTCCCGTGTGCCAGG ACCATCTTG AATTTTGGG AGGGCGTCTTTAC AGGCCT 
GGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGA 

ThrHisIleAspAlaHisPheL^uSerGlnT^^ 
901 CACTCAT AT AG ATGCCCACTTTCTATCCCAGACAAAGC AG AGTGGGG AG AACCTTCCTTA 
GTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAAT 
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LeuValAlaTyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAsp 
961 CCTGGTAGCGTACC AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGA 
GGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCT 

GlnMetTrpLysCysLeuIleArgl^uLysProThrLeuHisGlyProThrProLeuLeu 
1021 CCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCT 
GGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGA 

TyrArgLeuGlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlle 
1081 ATACAGACTGGGCGCTGTTCAG AATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 
TATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTA 

MetThrCysMetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGly 
1141 CATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGG 
GTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCC 

ValLeuAlaAlaLeuAlaAlaTyrCysLeuSerThrGlyCysValVallleValGlyArg 
1201 CGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAG 
GCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTC 

^ ValValLeuSerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPhe 
1261 GGTCGTCTTGTCCGGG AAGCCGGCAATCATACCTGACAGGG AAGTCCTCTACCGAGAGTT 
CCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAA 

AspGluMetGluGluCysSerGlnHisLeuProTyrlleGIuGlnGlyMetMetLeuAla 
1321 CGATGAGATGGAAGAGTGCTCT'CAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGC 
GCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCG 

GluGlnPheLysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVal 
1381 CGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT 
GCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCA 

IleAlaProAlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMet 
1441 TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATAT 
ATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATA 

TrpAsnPhelleSerGlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnPro 
1501 GTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCC 
CACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGG 

f AlalleAlaSerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
^ 1561 CGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCA 

GCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGT 

ThrLeuLeuPheAsnlleLeuGlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAla 
1621 AACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGC 
TTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACG 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 
1681 CGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG 
GCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCC 

LysVall^uIleAspIleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAla 

174 JL. . GAAGG.TCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTG GCGGGAG CTCTT GTGGC 

CTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCG 

PheLysIleMetSerGlyGluValProSerThrGluAspLeuVa-lAsnLeuLeuProAla 
1801 ATTCAAG ATCATGAGCGGTG AGGTCCCCTCCACGGAGG ACCTGGTCAATCTACTGCCCGC 
TAAGTTCTAGTACTCGCCACTCCAGGGGAGG.TGCCTCCTGGACCAGTTAGATGACGGGCG 

IleLeuSerProGlyAlaLeuValValGlyValValCysAlaAlalleLeuArgArgHis 
1861 CATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCA 
GTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGT 

FIG. 14 -^.ValGlyPrcDGlyGluGlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArg 
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1921 CGTTGGCCCGGGCG AGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCG 
GCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGC 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr 
1981 GGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 
CCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG 

AlalleLeuSerSerLeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSer 
2041 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG 
ACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTC 

SerGluCysThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCys 
2101 CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATG 
GAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATAC 

GluValLeuSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGly 
2161 CGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGG 
GCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACC 

IleProPheValSerCysGlnArgGlyTyrLysGlyValTrpArgValAspGlylleMet 
2221 GATCCCCTTTGTGTCCTGCGAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT 
.CTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTA 

HisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArg 
2281 GCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATG AG 
CGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTC 

IleValGlyProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyr 
2341 GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTA 
CTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGAT 

ThrThrGlyProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgVal 
24 01 CACCACGGGCCCCTGTACCCCCCTTCCTGCGCCG AACTACACGTTCGCGCTATGG AGGGT 
GTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCA 

SerAlaGluGluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMet 
24 61 GTCTGC AG AGG AATATGTGG AG ATAAGGCAGGTGGGGG ACTTCCACTACGTG ACGGGTAT 
C AG ACG TCTCCTT AT AC ACCTCTATTCCGTCC ACCCCCTG AAGGTG ATGCACTG CCCATA 

ThrThrAspAsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu 
2521 G ACTACTG ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCG AATTTTTC AC AG AAT 
CTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 



FIG. 1 4-3 
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FIG. I 5 Translation of DNA 33c 

AlaValAspPhelleProValGluAsnl^uGluThrThry^tArgSerProValPheThr 
1 GGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCAC 
CCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACAAGTG 

AsoAsnSerSerProProValValProGlnSerPheGlnValAlaHisLeuHisAlaPro 
61 GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATGCTCC 
CCTAXTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTACGAGG 

ThrGlvSerGlyLysSexThrLysValProAlaAlaTyrAlaAlaGlnGlyTTrLysVal 
121 CACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGT 
GTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGT CGAGTCCCGATATTCCA 

I^uValLeuAsnProSexValAlaAlaThrLeuGlyPheGlyAlaTyrMetSerLysAla 
181 GCTAGTACTCAACCCCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCAAGGC 
CGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGTTCCG 



-Overlap with 40b- 



HisGlylleAspProAsnlleArgThrGlyValArgThrlleThrThrGlySerProIle 
241 TCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCAT 
AGTACCCTAGCTAGGAITGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGGGGTA . 

ThrTyTSerThrTyrGlyLysPheLeuAlaAspGl^ 
301 CACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGGGGGCGCTTATGA 
GTGCATGAGGTGGATGCeGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAATACT 



IlellelleCysAspGluCysHisSerThxAsDAlaThrSerlleLeuGlylleGlyThr 
361 CATAATAATTTGTG ACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATTGGCAC 
GTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAACCGTG 



Vall^uAspGlnAlaGluThrAlaGlyAlaArgLeuV-alValLeuAlaThrAlaThrPro 
421 TGTCCTTGACG^AGCAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCACCCC 
ACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGGTGGGG 



PrcGlySerValThrValProHisProAsnlleGluGluValAlaLeuSerThrThrGly 
481 TCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCACCGG 
AGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGTGGCC 

GluIleProPheTyxGlyLysAlalleProLeuGluVallleLysGlyGlyArgHisLeu 
541 AGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCT 
TCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTGTAGA 

IlePheCysHisSerLysLysLysCysAspGluI^uAlaAlaLys^Va^a^Gly 
601 CATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGG 
GTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTAACCC 



IleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVallleProT^S^LyAsp 
661 »tcaatgccgtggcctactaccgcggtctt<;acgtgtccgt^ 

GTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGG«uTG«i.CGCCGCT 

721 

; 

IleAsoCysAsnThrCys 
781 GATAGACTGCAATACGTGTG 
CTATCTGACG7TATGCACAC 
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FIG. I 6 Translation of DNA 8h 

PrcCysThrCysGlySerSerAspLeuTyrLeuValThrArgHisAlaAspValllePro 

1 ctccctgcacttccggctcctcggacctttacctggtcacgaggcacgccgatg tcattc 
gagggacgtgaacgccgaggagcctggaaatggacc^tcctccgt<k:ggcta<^tj^ 

ValArgArgArgGlyAspSexArgGlySerLeiiLeuSerProArgProIleSerTTrLeu 
6 1 CCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACT 
GGCACGCGGCCGCCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGATGA 

LysGlySerSerGlyGlyProLeuLeuCysProAlaGlyHisAlaValGlyllePheArg 
121 TGAAAGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTTA 
ACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAAT 

Overlap with 

MaAlaValC^sThrArgGlyValAlaLysAlaValAspPhelleProValGluAsnLeu 
181 GGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACC 
CCCGGCGCCACACGTGGGCACCTCACCGAITCCGCCACCTGAAATAGGGACACCTCTTGG 

33 c 

GluThrThrMetArgSerProValPheThrAspAsnSer 
241 TAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTC 
ATCTCTGTTGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAG 



FIG. 17 Translation of DNA 7e 

GlyTrpArgl^uI^uMaProIleThrMaTyr^ 
1 GGGGTGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCAGCAGACZAAGGGGCCT 

CCCC^CCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCC 

(^sIlelleThrSexLeuThrGlyArgAspLysAsnGlnValGluGlyGluValGlnlle 
61 GTGCATAATCACCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGAT 
CACGTATTAGTGGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTC 

ValSerThrMaAlaGlnThrPheI>»uAlaT^^ 
121 TGTGTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGC 

ACACAGTTGACGACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTGACA 

TyrHisGlyMaGlyThrArgThrlleAlaSerProLysGlyProVallleGlnMetT^ 
181 CTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATGTA 
GATGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTACAT 



ThrAsnValAspGlnAspLeuValGlyTrpProAlaProG^ 
241 TACCAATGTAGACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGAC 
ATGGTTACATCTGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAACTG 

Overlap with 8h ; — 

ProCysThrCysGlySerSerAspLeuTyrLeuValThxArgHis 
301 ACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGCAC.G 
TGGGACGTGAACGCCGAGGAGCCTGGAAAIGGACCAGTGCTCCGTGC 
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FIG. I 8 Translation of DNA 14c 



AsnMetTrpSerGlyThrPhePron 
1 G? ACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCT 
CTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGA 

—Overlap with 25c ■ 

ProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGluGluTTrValGluIle 
61 TCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGGAATACGTGGAGAT 
AGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTATGCACCTCTA 



ArgGlnValGlyAspPheHisTyrValThrGlyMetThrthrAspAsnLeuLysCysPro 
121 AAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTTAAATGCCC 
TTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAGAATTTACGGG 



CysGlnValProSerProGluPhePheThrtluLeuAspGlyValArgLeuHisArgPhe 
181 GTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTT 
CACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAAGCTGCCCCACGCGklATGTATCCAA 

AlaProProCysLysProI^uI^iiArgGluGluValSerPheArgValGlyLeiiHisGlu 
241 TGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGA 
ACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCT 

TyrProValGlySerGlriLeuProCysGluProGlu^ 
301 ATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTC 
TATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGCACAACTGCAG 

Metl^uThrAspProSerHisIleThrAlaGluAlaAlaGlyArgArgL^uMaArgGly 
361 CATGCTCACTG ATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGG 
GTACGAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCAACCGCTCCCC 

SerProProSerValAlaSerSerSerAlaSerGlnLeuSerAlaProSerLeuLysAla 
421 ATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGC 
TAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCG 

ThrCysThrAlaAsnHisAsDSerProAso 
4 81 AACTTGCACCGCTAACCATGACTCCCCTGAT 

-T.TGAACGTGGCGAT.TGGTACTGAGGGGACTA 
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FIG. I 9 Translation of JDNA 8f 

Overlap with 14 c — ■ 

SerSexSerAlaSerGliiLeuSerMaProSerl^ 
1 AGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCAT 
TCGAGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGTA 



AspSerProAspAlaGluI^uIleGluAlaAsnLeuI^uTrpA 
6 1 GACTCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCGGC 
CTGAGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCG 

AsnlleThrArgValGluSerGluAsnLysValVallleLeiiAspSerPheAspProLeu 
121 AACATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTT 
TTGTAGTGGTCCCAACTCAGTCTTTTGTTTCACCACTAAGACCTGAGGAAGCTAGGCGAA 

r ValAlaGluGluAspGluArgGluIleSexValProAlaGluIleLeiiArgLysSerArg 
V ' 181 GTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGG 

CACCGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGAGCC 

ArgPheAlaGlnAlaO^uProValTrpAlaArgProAspTyrAsnProProLeuValGlu 
241 AGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTAIAACCCCCCGCTAGTGGAG 
TCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGAIATTGGGGGGCGATCACCTC 

ThrTrpLysLysProAspTyrGluProProValValHisGlyCysProLeuProProPro 
301 ACGTGGAAAAAGCCCGACTACGAACCACCTGTGGTCCATGGCTGTCCGCTTCCACCTCCA 
TGCACCTTTTTCGGGCTGATGCTTGGTGGACACCAGGTACCGACAGGCGAAGGTTCAGG 

LysSerProProValPro 
361 AAGTCCCCTCCTGTGCCG 
TTCAGGGGAGGACACGGC 



FIG. 20 Translation of DMA 33f 



ValTrpAlaArgPrcAspTyrAsnProProI^uValGlu^ 
1 CGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGG AAAAAA CCCGACTA 
GCAAACCCGCGCCGGCCTGATATTGGGGGGCGATCACCTCTC 

Overlap with 8f 

GluProProValValHisGlyCysProLeuProProProLysSerProProValProPro 
6 1 CGAACCACCTGTGGTCCATGGCTGCCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCC 
GCTTGGTGGACZACCAGGTACCGACGGGCGAAGGTGGAGGTTT^ 

PraArgLysLysArgThrValVall^uThxGluSerThrl^uS 
121 GCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTC 

CGGAGCCTTCTTCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACCGGCT 

LeuAlaThrArgSerPheGlySerSerSerThrSei^ 
181 GCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATACGAC 
CGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTATGCTG 

ThrSerSerGluProAlaProSerGlyCysProProAspSerAspAlaGlu£e rPhe 
241 AACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTTTGC 
TTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGAAACG 
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FIG. 22 Translation of DNA 7f 
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FIG. 23 Translation of DNA lib 

GlyGlyValValLeuValGlyLeuMetAlaLeuThrLeuSerProTyrTyrLysArgTyr 
1 GGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTAT 
CCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATA 

IleSerTrpCysLeuTrpTrpLeuGlnTyrPheLeuThrArgValGluAlaGlnLeuHis 
61 ATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCAC 
TAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTG 

ValTrpIleProProLeuAsnValArgGlyGlyArgAspAlaVallleLeuLeuMetCys 
121 GTGTGG ATTCCCCCCCTCAACGTCCG AGGGGGGCGCGACGCCGTCATCTTACTC ATGTGT 
CACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACA 

AlaValHisProThrLeuValPheAspIleThrLysLeuLeuLeuAlaValPheGlyPro 
181 GCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCC 
CGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGG 

LeuTrpIleLeuGlnAlaSerLeuLeuLysValProTyrPheValArgValGlnGlyLeu 
241 CTTTGG ATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTT 
GAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAA 

LeuArgPheCysAlaLeuAlaArgLysMetlleGlyGlyHisTyrValGlnMetVallle 
301 CTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATC 
GAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAG 



IleLysLeuGlyAlaLeuThrGlyThrTyrValTyrAsnHisLeuThrProLeuArgAsp 
361 ATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGAC 
TAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTG 

Overlap with 7f 

TrpAlaHisAsnGlyLeuArgAspLeuAlaValAlaValGluProValValPheSerGln 
421 TGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAA 
ACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTT 



MetGluThrLysLeuIleThrTrpGly 
481 ATGGAG ACCAAGCT CATCACGTGGGGGGC 
TACCTCTGGTTCGAGTAGTGCACCCCCCG 
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FIG. 24 Translation of DNA 14 i 

GluTyrValValLeuLeuPheLeuLeuLeuAlaAspAlaArgValCysSerCysLeuTrp 
1 GGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGT 
CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACA 

MetMetieuLeuIleSerGlnAlaGluAlaAlaLeuGluAsnLeuVallleLeuAsnAla 
61 GGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATG 
CCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTAC 

AlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGCAT 
GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGTA 

TyrLeuLysGlyLysTrpValProGlyAlaValTyrThrPheTyrGlyMetTrpProLeu 
181 GGTATTTG AAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC 
CCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAG 

LeuLeuLeuI^uLeuAlal^uProGlnArgAlaTyrAlaLeuAspThrGluValAlaAla 
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGTGGCCG 
AGGAGGACGAGGACAACCGCAACGGGGXCGCCCGCATGCGCGACCTGTGCCTCCACCGGC 



— Overlap with lib « 

SerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThrLeuSerProTyrTyrLys 
301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGGTGACTCTGTCACCATATTACA 
GCAGCAGACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGT 



ArgTyrlleSerTrpCysLeuTrpTrpLeuGln 
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGAA 
TCGCGATATAGTCGACCACGAACACCACCGAAGTCTT 

FIG. 25 Translation of DNA -39c 



ProAlaProSerGlyCysProProAspSerAsDAlaGluSerTyrSerSerMetProPro 
CCAGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTGCTCCATGCCCCCC 
GGTCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGG 



LeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrpSerThrValSerSer 
61 CTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACAGTCAGTAGT 
GACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGTCAGTCATCA 



Overlap with 33g 

GluMaAsnMaGluAspValValCysCysSerMetSerTyrSerTrpThrGlyAlaLeu 
121 GAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCCTACTCTTGGACAGGCGCACTC 
CTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGGATGAGAACCTGTCCGCGTGAG 

ValThrProCysAlaAlaGluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeu 
181 GTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTGAGCAACTCGTTG 
CAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTACGTGACTCGTTGAGCAAC 



"LeuArgHisHisAshLeuValTyrSerThrThrSerA^ 
241 CTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAG 
GATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTC 

LysValThrPheAspArgLeuGlnValLeuAspSerHisTyrGlnAspValLeuLysGlu 
301 AAAGTC ACATTTGACAGACTGC AAGTTCTGG ACAGCCATTACCAGG ACGTACTCAAGG AG 
TTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTC 

ValLysAlaAlaAlaSerLysValLysAlaAsnPhe 
361 GTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTC 
CAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAAG 
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FIG. 2 6" I COMBINED ORF OF DNAs 
14i/llb/7f/7e/8h/33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/39c 

GluTyrValValLeuLeuPheLeuLeuLeuAlaAspAlaArgValCysSerCysLeuTrp 
1 GGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGT 
CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACA 

MetMetLeuLeuIleSerGlnAlaGluAlaAlal^uGluAsnLeuVallleLeuAsnAla 
61 GGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATG 
CCTACTACGATGA^iArAvjijLj'i'xuu^^xuuv3UuvjArt^\-\-xv- j. iwnuw\i 

AlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp 
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGCAT 
GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAAGGTA 

TyrLeuLysGlyLysTrpValProGlyAlaValTyrThrPheTyrGlyMetTrpProLeu 
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC 
CCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAG 

I^uLeuLeuLeuLeuAlaLeuProG^ 
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGTGGCCG 
AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGC 

SerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThrLeuSerProTyrTyrLys 
301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATAT.TACA 
GCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGT 

ArgTyrlleSerTrpCysLeuTrpTrpLeuGlnTyrPheLeuThrArgValGluAlaGln 
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTCTG ACCAGAGTGG AAGCGC 
TCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCG 

I^uHisValTrpIleProProI^iiAsnValArgGlyGlyArgAspAlaValllel^uLeu 
421 AACTGCACGTGTGGATTCCCCCCCTCAACGtCCGAGGGGGGCGCGACGCCGTCATCTTAC 
TTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATG 

MetCysAlaValHisProThrLeuValPheAspIleThrLysLeuLeuLeuAlaValPhe 
481 TCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCT 
AGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGA 

GlyProI^uTrpIlelAuGlnA^ 
541 TCGGACCCCTTTGG ATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCC 
AGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGG 

GlyLeuI^uArgPheCysAlaLeuAlaArgLysMetlleGlyGlyHisTyrValGlnMet 
601 AAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAA 
TTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATCCACGTTT 

ValllelleLysI^uGlyAlaLeuT^ 
661 TGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTC 
ACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAG 

ArgAspTrpAlaHisAsnGlyLeuArgAspLeuAlaValAlaValGluProValValPhe 
721 TTCGGG ACTGGGCGCACAACGGCTTGCG AG ATCTGGCCGTGGCTGTAGAGCCAGTCGTCT 
AAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGA 

SerGlnMetGluThrLysI^uIleThrTrpGlyAlaAspThrAlaAlaCysGlyAspIle 
781 TCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTCCGGTCACA 
AGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTATGGCGGCGCACGCCACTGT 

IleAsnGlyLeuProValSerAlaArgA^ 
841 TCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACTGCTCGGGC^GCCG 
AGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCTATGACGAGCCCGGTCGGC 

GlyMetValSerLysGlyTrpArgLeuLeuMaProIleThrAlaTyrAlaGlnGlnThr 
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901 ATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCAGCAGA 
TACCTTACCAGAGGTTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTCGTCT 

ArgGlyLeuLeuGlyCysIlelleThrSerLeuThrGlyArgAspLysAsnGlnValGlu 
961 CAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCCGGGACAAAAACCAAGTGG 
GTTCCCCGGAGGATCCCACGTATTAGTGGTCGGATTGACCGGCCCTGTTTTTGGTTCACC 

GlyGluValGlnlleValSerThrAlaAlaGlnThrPheLexxAlaThrCysIleAsnGly 
1021 AGGGTG AGGTCCAG ATTGTGTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATG 
TCCCACTCCAGGTCTAACACAGTTGACGACGGGTTTGGAAGGACCGTTGCACGTAGTTAC 

ValCysTrpThrValTyrHisGlyAlaGlyThrArgThrlleAlaSerProLysGlyPro 
1081 GGGTGTGCTGGACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTC 
CCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAG 

VallleGlnMetTyrThrAsnValAspGlnAspLeuValGlyTrpProAlaProGlnGly 
1141 CTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAG 
GACAGTAGGTCTACATATGGTTACATCTGGTTCTGGAACACCCGACCGGGCGAGGCGTTC 

SerArgSerLeuThrProCysThrCysGlySerSerAspLeuTyrLeuValThrArgHis 
1201 GTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGC 
CATCGGGGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGGAAATGGACCAGTGCTCCG 

AlaAspVallleProValArgArgArgGlyAspSerArgGlySerLeuLeuSerProArg 
1261 ACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCC 
TGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCCCGTCGGACGACAGCGGGG 

ProIleSerTyrLeuLysGlySerSerGlyGlyProLeuLeuCysProAlaGlyHisAla 
1321 GGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGCTGTTGTGCGCCGCGGGGCACG 
CCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTGC 

ValGlyllePheArgAlaAlaValCysThrArgGlyValAlaLysAlaValAspPhelle 
1381 CCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTA 
GGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCGACCTGAAAT 

ProValGluAsnLeuGluThrThrMetArgSerProValPheThrAspAsnSerSerPro 
1441 TCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTCTC 
AGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAGAG 

ProValValProGlnSerPheGlnValAlaHisLeuHisAlaProThxGlySerGlyLys 
1501 CACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATGCTCCCACAGGCAGCGGCA 
GTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTACGAGGGTGTCCGTCGCCGT 

SerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLysValLeuValLeuAsnPro 
1561 AAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACTCAACC 
TTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATATTCCACGATCATGAGTTGG 

SerValAlaAlaThrLeuGlyPheGlyAlaTyrMetSerLysAlaHisGlylleAspPro 
1621 CCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATC 
GGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGTTCCGAGTACCCTAGCTAG 

AsnlleArgThrGlyValArgThrlleThrThrGlySerProIleThrTyrSerThrTyr 
1681 CTAACATCAGGACCGGGGTG AG AACAATTACCACTGGCAGCCCCATCACGTACTCCACCT 
GATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGGGGTAGTGCATGAGGTGGA 



Gl^ysPheteuAl-aAspGiyGlTeysSerGlyGly^TyrAsp-Ilellell^sAsp 

1741 ACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGGGGGCGCTTATGACATAATAATTTGTG 
TGCGGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAATACTGTATTATTAAACAC 

GluCysHisSerThrAspAlaThrSerllel^uGlylleGlyThrVall^spGlnAla 
1801 ACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTTCACCAAG 
TGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGCCGTGACAGGAACTGGTTu 

GluThrAlaGlyAlaArgl^uValValLeuAlaThrAlaThrProProGlySerValThr 
1861 CAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCACCCCTCCGGGCTCCGTCA 
GTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGT 

FIG. 26-2 
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ValProHisProAsnlleGluGluValAlaLeuSerThrThrGlyGluIleProPheTyr 
1921 CTGTGCCCCATCCC AACATCGAGG AGGTTGCTCTGTCC ACCACCGG AGAGATCCCTTTTT 
GACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGTGGCCTCTCTAGGGAAPlAA 

GlyLysAlalleProLeuGluVallleLysGlyGlyArgHisLeuIlePheCysHisSer 
1981 ACGGCAAGGCTATCCCCCTCG AAGTAATCAAGGGGGGG AGACATCTCATCTTCTGTCATT 
TGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAA 

LysLysLysCysAspGluLeuAlaAlaLysLeuValAlaLeuGlylleAsnAlaValAla 
2041 CAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGG 
GTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACC 

TyrTyrArgGlyLeuAspValSerVallleProThrSerGlyAspValValValValAla 
2101 CCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGG 
GGATGATGGGGCCAGAACTGCACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACC 

ThrAspAlaLeuMetThrGlyTyrThrGlyAspPheAspSerVallleAspCysAsnThr 
2161 CAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATA 
GTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTAT 

CysValThrGlnThrValAspPheSerLeuAspProThrPheThrlleGluThrlleThr 
2221 CGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCA 
GCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGT 

LeuProGlnAspAlaValSerArgThrGlnArgArgGlyArgThrGlyArgGlyLysPro 
2281 CGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGGGAAGC 
GCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGGCCCGTCCTGACCGTCCCCCTTCG 

GlylleTyrArgPheValAlaProGlyGluArgProSerGlyMetPheAspSerSerVal 
2341 CAGGCATCTACAG ATTTGTGGCACCGGGGG AGCGCCCCTCCGGCATGTTCG ACTCGTCCG 
GTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGC 

LeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeuThrProAlaGluThrThr 
2401 TCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTCACGCCCGCCGAGACTA 
AGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAGTGCGGGCGGCTCTGAT 

ValArgLeuArgAlaTyrMetAsnThrProGlyLeuProValCysGlnAspHisLeuGlu 
2461 CAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACC ATCTTG 
GTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCACACGGTCCTGGTAGAAC 

PheTrpGluGlyValPheThrGlyLeuThrHisIleAspAlaHisPheLeuSerGlnThr 
2521 AATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGA 
TTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGGGTGAAAGATAGGGTCT 

LysGlnSerGlyGluAsnl^uProTyrLeuValAlaTyrGlnAlaThrValCysAlaArg 
2581 CAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGCGCTA 
GTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACACGCGAT 

AlaGlnAlaProProProSerTrpAspGlnMetTrpLysCysLeuIleArgLeuLysPro 
2641 GGGCTCAAGCCCCTCCCCCATCGTGGG ACCAGATGTGG AAGTGTTTGATTCGCCTCAAGC 
CCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAGTTCG 

ThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAlaValGlnAsnGluIleThr 
2701 CCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATG AAATCA 
GGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACTTTAGT 

LeuThrHisProValThrLysTyrlleMetThrCysMetSerAlaAspLeuGluValVal 
2761 CCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAGGTCG 
GGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTCCAGC 

ThrSerThrTrpValLeuValGlyGlyValLeuAlaAlaLeuAlaAlaTyrCysLeuSer 
2821 TCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGT 
AGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAACGGACA 

ThrGlyCysValVallleValGlyArgValValLeuSerGlyLysProAlallellePro 
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2881 CAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATAC 
GTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATG 

AspArgGluValLeuTyrArgGluPheAsDGluMetGluGluCysSerGLnHisLeuPro 
2941 CTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTAC 
GACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATG 

TyrlleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyLeuLeu 
3001 CGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC 
GCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG 

GlnThrAlaSerArgGlnAlaGluVallleAlaProAlaValGlnThrAsnTrpGlnLys 
3061 TGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAAA 
ACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCGTTT 

LeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAla 
3121 AACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGG 
TTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACC 

GlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeuMetAlaPheThrAlaAla 
3181 CGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTG 
GCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGAC 

ValThrSerProLeuThrThrSerGlnThrLeuLeuPheAsnlleLeuGlyGlyTrpVal 
3241 CTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGGTGGG 
GACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCCCACCC 

AlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeuAlaGly 
3301 TGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCGCTGGCTTAGCTG 
ACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAATCGAC 

AlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeuAlaGlyTyrGly 
3361 GCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGGTATG 
CGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCCATAC 

AlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGluValProSerThr 
3421 GCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCA 
CGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGGAGGT 

GluAspLeuValAsnLeuLeuProAlalleLeuSerProGlyAlaLeuValValGlyVal 
3481 CGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCG 
GCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGC 

ValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAlaValGlnTrpMet 
3541 TGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGA 
ACCAGACACGTCGTTATGACGGGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTCACCT 

AsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrValPro 
3601 TGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGTGC 
ACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCACG 

GluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThrGlaLeu 
3661 CGGAGAGCG ATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGC 
GCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGTCG 

I^uArgArgLeuHisGlnTrpJleSe^ 

3721 TCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCT- - 
AGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAGGA 

LeuArgAspIleTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeuLys 
3781 GGCTAAGGGACATCTGGGACTGGATATGCG AGGTGTTG AGCG ACTTTAAGACCTGGCTAA 
CCGATTCCCTGTAGACCCTGACCTATACGCTGCACAACTCGCTGAAATTCTGGACCGATT 

AlaLysLeuMetProGlnLeuProGlylleProPheValSerCysGlnArgGlyTyrLys 
3841 AAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCC^GCGCGGGTATA 
TTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCATAT 
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GlyValTrpArgValAspGlylleMetHisThrArgCysHisCysGlyAlaGluIleThr 
3901 AGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGAGATCA 
TCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGGTGACACCTCGACTCTAGT 

GlyHisValLysAsnGlyThrMetArglleValGlyProArgThrCysArgAsnMetTrp 
3961 CTGGAC ATGTCAAAAACGGGACG ATGAGG ATCGTCGGTCCTAGGACCTGCAGGAACATGT 
GACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTTGTACA 

SerGlyThrPheProIleAsnAlaTyrThrThrGlyProCysThrProLeuProAlaPro 
4021 GGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGC 
CCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGAAGGACGCG 

AsnTyrThrPheAlaLeuTrpArgValSerAlaGluGluTyrValGluIleArgGlnVal 
4081 CGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAGGCAGG 
GCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTATACACCTCTATTCCGTCC 

GlyAspPheHisTyrValThrGlyMetTlirThrAspAsnLeuLysCysProCysGlnVal 
4141 TGGGGG ACTTCCACTACGTG ACGGGTATG ACTACTGACAATCTCAAATGCCCGTGCCAGG 
ACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAGAGTTTACGGGCACGGTCC 

ProSerProGluPhePheThrGluLeuAspGlyValArgLeuHisArgPheAlaProPro 
4201 TCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTTTGCGCCCC 
AGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGGG 

CysLysProLeuLeuArgGluGluValSerPheArgValGlyLeuHisGluTyrProVal 
4261 CCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACG AATACCCGG 
GGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCTTATGGGCC 

GlySerGlnLeuProCysGluProGluProAspValAlaValLeuThrSerMetLeuThr 
4321 TAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCA 
ATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGCACAACTGCAGGTACGAGT 

AspProSerHisIleThrAlaGluAlaAlaGlyArgArgLeuAlaArgGlySerProPro 
4381 CTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATCACCCC 
GACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCAACCGCTCCCCTAGTGGGG 

SerValAlaSerSerSerAlaSerGlnLeuSerAlaProSerl^uLysMaThrCysThr 
4441 CCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACTTGCA 
GGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACGT • 

MaAsnHisAspSerProAspAlaGluLeuIleGluAlaAsnLeuLeuTrpArgGlnGlu 
4501 CCGCTAACCATG ACTCCCCTG ATGCTG AGCTCATAG AGGCCAACCTCCTATGG AGGCAGG 
GGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATACCTCCGTCC 

MetGlyGlyAsnlleThrArgValGluSerGluAsnLysValVallleLeuAspSerPhe 
4561 AGATGGGCGGCAACATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGG ACTCCT 
TCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCTTTTGTTTCACCACTAAGACCTGAGGA 

AspProLeuValAlaGluGluAspGluArgGluIleSerValProAlaGlulieLeuArg 
4621 TCG ATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGC 
AGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACG 



LysSerArgArgPheAlaGlnAlaLeuProValTrpAlaArgProAspTyrAsnProPro 
4681 GGAAGTCTCGG AGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAACCCCC 
CCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGATATTGGGGG 



LeuValGluThrTrpLysLysProAspTyrGluProProValValHisGlyCysProLeu 
4741 CGCTAGTGG AGACGTGGAAAAAGCCCGACTACGAACCACCTGTGGTCCATGGCTGTCCGC 
GCGATCACCTCTGCACCTTTTTCGGGCTGATGCTTGGTGGACACCAGGTACCGACAGGCG 

ProProProLysSerProProValProProProArgLysLysArgThrValValLeuThr 
4801 TTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCA 
AAGGTGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGT 

GluSerThrLeuSerThxAlaLeuAlaGluLeuAlaThrArgSerPheGlySerSerSer 

FIG. 26-5 
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4861 CTGAATCAACCCTATCTACTGCCTTGGCCG AGCTCGCC ACCAG AAGCTTTGGCAGCTCCT 
GACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGA 

ThrSerGlylleThrGlyAspAsnThrThrThrSerSerGluProAlaProSerGlyCys 
4921 CAACTTCCGGCATTACGGGCG ACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCT 
GTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGACTCGGGCGGGGAAGACCGA 

ProProAspSerAspAlaGluSerTyrSerSerMetProProLeuGluGlyGluProGly 
4981 GCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGG AGCCTG 
CGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGGGACCTCCCCCTCGGAC 

AspProAspLeuSerAspGlySerTrpSerThrValSerSerGluAlaAsnAlaGluAsp 
5041 GGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGCGGAGG 
CCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCGCCTCC 

ValValCysCysSerMetSerTyrSerTrpThrGlyAlaLeuValThrProCysAlaAla 
5101 ATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGCACTCGTCACCCCGTGCGCCG 
TACAGCACACGACGAGTTACAGAATGAGAACCTGTCCGCGTGAGCAGTGGGGCACGCGGC 

GluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeuLeuArgHisHisAsnLeu 
5161 CGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCACAATT 
GCCTTCTTGTCTTTGACGGGTAGTTACGTGATTCGTTGAGCAACGATGCAGTGGTGTTAA 

ValTyrSerThrThrSerArgSerAlaCysGlnArgGlnLysLysValThrPheAspArg 
5221 TGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACA ■ 
ACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTCTTTCAGTGTAAACTGT 

LeuGlnValLeuAspSerHisTyrGlnAspValLeuLysGluValLysAlaAlaAlaSer 
5281 GACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGCGGCGT 
CTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTCCAATTTCGTCGCCGCA 

LysValLysAlaAsnLeu 
5341 CAAAAG TGAAGGCT AACTTG 
GTTTTCACTTCCGATTGAAC 
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FIG. 27 Translation of DNA 12f 

IlePheLysIleArgMetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsn 
1 ■ CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA 
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT 

TrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSerGluLeuSerProLeu 
61 ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA 

LeuLeuThrThxThrGlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeu 
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT 
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA 

SerThrGlyLeuIleHisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyVal 
181 TGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGG 
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC 



GlySerSerlleAlaSerTrpAlalleLysTrpGluTyrValValLeuLeuPheLeuLeu 
241 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC 
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG 



LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu 
301 TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGG 
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

. Overlap with 14 i 

AlaAlaLeuGluAsnLeuVallleLeuAsnAlaAlaSerLeuAlaGlyThxHisGlyLeu 
361 AGGCGGCTTTGG AG AACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCT.TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG 



Val 

421 TTGTATC 
AACATAG 
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FIG. 28 Translation of DNA 35 f 

Overlap with 39c 

LeuLysGluValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeuSerValGluGlu 
1 TGCTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGG 
ACGAGTTCCTCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCC 

AlaCysSerLeuThrProProHisSerAl'aLvsSerLysPheGlyTyrGlyAlaLysAsp 
61 AAGCTTGCAGCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAG 
TTCGAACGTCGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTC 

ValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuLeu 
121 ACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTC 
TGCAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAG 

GluAspAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPheCysVal 
181 TGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCG 
ACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGC 

GlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyVal 
241 TTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCG 
AAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGC 

ArgValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAlaValMet 
301 TGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGA 
ACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACT 

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnAla 
361 TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAG 
ACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTC 

TrpLysSerLysLysThrProMetGlyPheSerTyrAspThrArgCysPheAsDSerThr 
*21 CGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCA 
GCACCTTCAGGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGT 

ValThrGluSerAspIleArgThrGluGluAla 
481 CAGTCACTGAGAGCGACATCCGTACGGAGGAGGCA 
GTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGT 
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FIG. 29 Translation of DNA 19g 



GluPheLeuValGlnAlaTrpLysSerLysLysThrProMetGlyPheSerTyrAsDThr 
1 GAATTCCTCGTGCAAGGGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACC 
CTTAAGGAGCACGTTCGCACCTTCAGGTTCTTTTGGGGTTACCCCAAGAGCATACTATGG 

. Overlap with 35f 

ArgCysPheAspSerThrValThrGluSerAspIleArgThrGluGluAlalleTyrGln 
61 CGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAA 
GCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTT 

CysCysAspLeuAspProGlnAlaArgValAlalleLysSerLeuThrGluArgLeuTyr 
121 TGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTAT 
. ACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATA 

ValGlyGlyProLeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAla 
181 GTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCG 
CAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGC 

SerGlyValLeuThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArgAla 
241 AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCA 
TCGCCGCATGACTGTTGATCGACACCATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGT 

AlaCysArgAlaAlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuVal 
301 GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTC 
CGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAATCAG 

VallleCysGluSerAlaGlyValGlnGluAspAlaAla 
361 G TT ATC TG TG AAAG CG CGGGGG TCC AGG AG G ACG CGGCG AG 
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC 
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FIG. 30 Translation of DMA 26g 



GlyGlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyValLeuThrThrSerCys 
1 GGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCAAGCGGCGTACTGACAACTAGCTGT 
CCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGTTCGCCGCATGACTGTTGATCGACA 



GlyAsnThrLeuThrCysTyrlleLysAlaArgAlaAlaCysArgAlaAlaGlyLeuGln 
61 GGTAACACCCTCACTTGTTACATCAAGGCCCGAGCAGCCTGTCGAGCCGCAGGGCTCCAG 
CCATTGTGGGAGTGAACAATGTAGTTCCGGGCTCGTCGGACAGCTCGGCGTCCCGAGGTC 

Overlap with 19g 

AspCysThrMetLeuValCysGlyAspAspLeuValVallleCysGluSerAlaGlyVal 
121 GACTGC ACC ATGCTCGTGTGTGGCGACG ACTTAGTCGTTATCTGTG AAAGCGCGGGGGTC 
CTGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAG 



f . GlnGluAspAlaAlaSerLeuArgAlaPheThrGluAlaMetThrArgTyrSerAlaPro 
V 181 CAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCC 

GTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGGGGG 

ProGlyAspProProGlnProGluTyrAspLeuGluLeuIleThrSerCysSerSerAsn 
241 CCTGGGG ACCCCCCAC AACCAG AATACG ACTTGG AGCTCATAACATCATGCTCCTCCAAC 
GGACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTAGTACGAGGAGGTTG 

ValSerValAlaHisAspGlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThr 
301 GTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACA 
CAGAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGT 

ThrProLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeu 
361 ACCCCCCTCGCGAG AGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTA 
TGGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGAT 

GlyAsnllelleMetPheAlaProThrLeuTrpAla 
4 21 GGCAAC ATAATCATGTTTGCCCCCACACTGTGGGCG 
CCGTTGTATTAGTACAAACGGGGGTGTGACACCCGC 



FIG. 31 Translation of DNA 15e 



GlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThrThrProLeuAlaArgAla 
1 CGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGC 
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTTGGGGGGAGCGCTCTCG 

Overlap with 26g 

AlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeuGlyAsnllelleMetPhe 
61 TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTT 
ACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTATTAGTACAA 



AlaProThrLeuTrpA-l-aA-rgMetlleLeuMetThrHi-sPhePheSer^^ 

121 TGCCCCCACACTGTGGGCGAGGATGATACTG ATG ACCCATTTCTTTAGCGTCCTTATAGC 
ACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCG 

ArgAspGlnLeuGluGlnAlaLeuAspCysGluIleTyrGlyAlaCysTyrSerlleGlu 
181 CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGA 
GTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCT 

• ProLeoAspLeuProProIlelleGlnArgLeu 
241 ACCACTTGATCTACCTCCAATCATTCAAAGACTC 
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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FIG. 32" I COMBINED ORF OF DNAs 12f through 15e 



IlePheLysIleArgMetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsn 
1 CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA 
GGTATAAATTTTAG TCCTACATGC ACCCTC CCC AGCTTG TG TCCG ACCTTCG ACGGACG T 

TrpThrArgGlyGluArqCysAspLeuGluAspArgAspArgSerGluLeuSerProLeu 
61 ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA 

LeuLeuThrThrThrGlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeu 
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT 
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA 

SerThrGlyLeuIleHisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyVal 
181 TGTCC ACCGGCCTC ATCCACCTCCACCAG AACATTGTGG ACGTGCAGTACTTGTACGGGG 
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC 

GlySerSerlleAlaSerTrpAlalleLysTrpGluTyrValValLeuLeuPheLeuLeu 
241 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC 
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG 

LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu 
301 TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGG 
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC 

AlaAlaLeuGluAsnLeuVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu 
361 AGGCGGCTTTGGAG AACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC 
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG 

ValSerPheLeuValPhePheCysPheAlaTrpTyrLeuLysGlyLysTrpValProGly 
421 TTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATGGTATTTGAAGGGTAAGTGGGTGCCCG 
AACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCATTCACCCACGGGC 

AlaValTyrThrPheTyrGlyMetTrpProLeuI^uI^uLeuLeuLeuAlaLeuProGln 
481 GAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCC 
CTCGCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGG 

ArgAlaTyrAlaLeuAspThrGluValAlaAlaSerCysGlyGlyValValLeuValGly 
541 AGCGGGCGTACGCGCTGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCG 
TCGCCCGCATGCGCGACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGC 

LeuMetAlaLeuThrLeuSerProTyrTyrLysArgTyrlleSerTrpCysLeuTrpTrp 
601 GGTTG ATGGCGCTG ACTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGT 
CCAACTACCGCGACTGAGACAGTGG.TATAATGTTCGCGATATAGT.CGACCACGAACACCA 

LeuGlnTyrPheLeuThrArgValGluAlaGlnLeuHisValTrpIleProProLeuAsn 
661 GGCTTC AGTATTTTCTG ACCAG AGTGG AAGCGCAACTGCACGTGTGGATTCCCCCCCTCA 
CCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGT 

ValArgGlyGlyArgAspAlaVallleLeuLeuMetCysAlaValHisProThrLeuVal 
721 ACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGG 
TGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACC 

PheAspIleThrLysLeuLeuLeuAlaValPheGlyProLeuTrpIleLeuGlaAlaSer 
781 TATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCA 
ATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGT 

LeuLeuLysValProTyrPheValArgValGlnGlyLeuLeuArgPheCysAlaLeuAla 
841 GTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAG 
CAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCAATC 

ArgLysMetlleGlyGlyHisTyrValGlnMetValllelleLysLeuGlyAlaLeuThr 
901 CGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTA 
GCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAAT 
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GlyThrTyrValTyrAsnHisLeuThrProLeuArgAspTrnAlaHisAsnGlyLeuArg 
961 CTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGC 
GACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACG 

AspLeuAlaValAlaValGluProValValPheSerGlnMetGluThrLysLeuIleThr 
1021 GAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCA 
CTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGT 

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsnGlyLeuProValSerAlaArg 
1081 CGTGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCC 
GCACCCCCCGTCTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGG 

ArgGlyArgGluIleLeuLeuGlyProAlaAspGlyMetValSerLysGlyTrpArgLeu 
1141 GCAGGGGCCGGGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGT 
CGTCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCA 



r 



LeuAlaProIleThrAlaTyrAlaGlnGlnThrArgGlyLeuLeuGlyCysIlelleThr 
1201 TGCTGGCGCCCATC ACGGCGTACGCCCAGCAG ACAAGGGGCCTCCTAGGGTGCATAATCA 
ACGACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGT 

SerLeuThrGlyArgAspLysAsnGlnValGluGlyGluValGlnlleValSerThrAla 
1261 CCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTG AGGTCCAGATTGTGTCAACTG 
GGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGAC 

AlaGlnThrPheLeuAlaThrCysIleAsnGlyValCysTrpThrValTyrHisGlyAla 
1321 CTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGGACTGTCTACCACGGGG 
GACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCC 

GlyThrArgThrlleAlaSerProLysGlyProVallleGlnMetTyrThrAsnValAsp 
1381 CCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATGTATACCAATGTAG 
GGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTACATATGGTTACATC 

GlnAspLeuValGlyTrpProAlaProGlnGlySerArgSerLeuThrProCysThrCys 
1441 ACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTT 
TGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAACTGTGGGACGTGAA 

GlySerSerAspLeuTyrLeuValThrArgHisAlaAsDVallleProValArgArgArg 
1501 GCGGCTCCTCGGACCTTTACCTGGTCACG AGGCACGCCG ATGTCATTCCCGTGCGCCGGC 

CGCCGAGGAGCCTGGAAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCG . 

GlyAspSerArgGlySerLeuLeuSerProArgProIleSerTyrLeuLysGlySerSer 
1561 GGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCT 
CCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGA 

GlyGlyProLeuLeuCysProAlaGlyHisAlaValGlyllePheArgAlaAlaValCys 
1621 CGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGT 
GCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACA 

ThrArgGlyValAlaLysAlaValAspPhelleProValGluAsnLeuGluThrThrMet 
1681 GCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCA 
CGTGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGT 

ArgSerProValPheThrAspAsnSerSerProProValValProGlnSerPheGlnVal 
1741 TGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGG 
ACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCC 

AlaHisLeuHisAlaProThrGlySerGlyLysSerThrLysValProAlaAlaTyrAla 
1801 TGGCTCACCTCCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATG 
ACCGAGTGGAGGTACGAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATAC 

AlaGlnGlyTyrLysValLeuValLeuAsnProSerValAlaAlaThrLeuGlyPheGly 
1861 CAGCTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACTGGGCTTTG 
GTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAAC 

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyValArgThrlle 

FIG. 32-2 
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1921 GTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAA 
CACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTT 

ThrThrGlySerProlleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys 
1981 TTACCACTGGCAGCCCCATCACGTACTCCACCTACGGC AAGTTCCTTGCCGACGGCGGGT 
AATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCA 

SerGlyGlyAlaTyrAspIlellelleCysAspGluCysHisSerThrAspAlaThrSer 
2041 GCTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACAT 
CGAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTA 

IleLeuGlylleGlyThrValLeuAspGlnAlaGluThrAlaGlyAIaArgLeuValVal 
2101 CCATCTTGGGCATCGGCACTGTCCTTG ACCAAGCAG AG ACTGCGGGGGCG AGACTGGTTG 
GGTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAAC 

LeuAlaThrAlaThrProProGlySerValThrValProHisProAsnlleGluGluVal 
2161 TGCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGG 
ACGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCC 

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlalleProLeuGluVallle 
2221 TTGCTCTGTCCACCACCGGAG AGATCCCTTTTTACGGCAAGGCTATCCCCCTCG AAGTAA 
AACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATT 

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla 
2281 TCAAGGGGGGG AGACATCTCATCTTCTGTC ATTCAAAG AAG AAGTGCGACGAACTCGCCG 
AGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGC 

LysLeuValAlaLeuGlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVal 
2341 CAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCG 
GTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGC 

IleProThrSerGlyAspValValValValAlaThrAspAlal^uMetThrGlyTyrThr 
2401 TCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATA 
AGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATAT 

GlyAspPheAspSerVallleAspCysAsnThrCysValThrClnThrValAspPheSer 
2461 CCGGCG ACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAG ACAGTCG ATTTCA 
GGCCGCTGAAGCTGAGCCACTATCTGACGTTATGCACACAGTGGGTCTGTCAGCTAAAGT 

LeuAspProThrPheThrlleGluThrlleThrLeuProGlnAspAlaValSerArgThr 
2521 GCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCA 
CGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGT 

GlnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGly 
2581 CTCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGG 
GAGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCC 

GluArgProSerGlyMetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCys 
2641 GGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTG AGTGCTATGACGCAGGCT 
CCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGA 

AlaTrpTyrGluLeuThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThr 
2701 GTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACA 
CACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGT 

ProGlyLeuProValCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu 
2761 CCCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCC 
GGGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGG 

ThrHisIleAspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyr 
2821 TCACTCATATAGATGCCCACTTTCTATCCCAG ACAAAGCAG AGTGGGG AGAACCTTCCTT 
AGTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAA 

LeuValAlaTyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAsp 
2881 ACCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGG 
TGGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCC 
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GlnMetTrpLysCysI^uIleArgl^uLysProThrl^uHisGlyProThrProLeuLeu 
2941 ACCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGC 
TGGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACG 

Ty r ArgLeuGlyAl aValG 1 nAsnGluI leThr LeuThr H i s Pr oValThrLy sTy r I le 
3001 TATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTG ACGCACCCAGTCACCAAATACA 
ATATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGT 

MetThrCysMetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGly 
3061 TCATGACATGCATGTCGGCCGACCTGGAGGTCGTCACG AGCACCTGGGTGCTCGTTGGCG 
AGTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGC 

ValLeuAlaAlaLeuAlaAlaTyrCysLeuSerThrGlyCysValVallleValGlyArg 
3121 GCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCA 
CGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGT 

ValValLeuSerGlyLysProAlallelleProAspArgGluValLeuTyrArgGluPhe 
3181 GGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGT 
CCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCA 

AspGluMetGluGluCysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeuAla 
3241 TCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCG 
AGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGC 

GluGlnPheLysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVal 
3301 CCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGG 
GGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCC 

IleAlaProAlaValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMet 
3361 TTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATA 
AATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTAT 

TrpAsnPhelleSerGlylleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnPro 
3421 TGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACC 
ACACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGG 

AlalleAlaSerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln 
3481 CCGCCATTGCTTCATTG ATGGCTTTTACAGCTGCTGTC ACCAGCCC ACTAACCACTAGCC 
GGCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGG 

ThrLeuLeuPheAsnlleLeuGlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAla 
3541 AAACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTG 
TTTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCAC 

AlaThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGly 
3601 CCGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGG 
GGCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACC 

LysValLeuIleAspIleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAla 
3661 GGAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGG 
CCTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACC 

PheLysIleMetSerGlyGluValProSerThrGluAspLeuValAsnLeuLeuProAla 
3721 CATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCG 
GTAAGTTCTAGTACTCGCCACTCCA GGGGAGGTGCCTCCTGG ACCAGTTAGATGACGGGC 

IleLeuSerProGlyAlaLeuValValGlyValValCysAlaAlalleLeuArgArgHis 
3781 CCATCCTCTCGCCCGG AGCCCTCGTAGTCGGCGTGGTCTGTGCAGC AATACTGCGCCGGC 
GGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCG 

ValGlyProGlyGluGlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArg 
3841 ACGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCC 
TGCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGG 

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr 
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3901 GGGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCA 
CCCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGT 

Ala I leLeuS er S erLeuThrValThrG InLeuLeuAr g ArgLeuH i sG 1 nTrp I leSer 
3961 CTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAA 
GACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATT 

SerGluCysThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCys 
4021 GCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATAT 
CGAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATA 

GluValLeuSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGly 
4081 GCGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTG 
CGCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGAC 

IleProPheValSerCysGlnArgGlyTyrLysGlyValTrpArgValAspGlylleMet 
4141 GGATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCA 
CCTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGT 

HisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArg 
4201 TGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGA 
ACGTGTGAGCGACGiGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACT 

IleValGlyProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyr 
4261 GGATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCT 
CCTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGA 

ThrThrGlyProCysThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgVal 
4321 ACACGACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTAC ACGTTCGCGCTATGG AGGG 
TGTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCC 

SerAlaGluGluTyrValGluIleArgGlnValGlyAspPheHisTyrValThrGlyMet 
4381 TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTA 
ACAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCAT 

ThrThrAspAsnLeuLysCysProCysGlnValProSerProGluPhePheThrGluLeu 
4441 TGACTACTG ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCG AATTTTTCACAG AAT 
ACTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA 

AspGlyValArgLeuHisArgPheAlaProProCysLysProLeuLeuArgGluGluVal 
4501 TGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGG 
ACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCC 

SerPheArgValGlyLeuHisGluTyrProValGlySerGlnLeuProCysGluProGlu 
4561 TATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTACCTTGCG AGCCCG 
ATAGTAAGTCTCATCCTGAGGTGCTTATGGGCCATCCCAGCGTTAATGGAACGCTCGGGC 

ProAspValAlaValLeuThrSerMetLeuThrAspProSerHisIleThrAlaGluAla 
4621 AACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGG 
TTGGCCTGCACCGGCACAACTGCAGGTACGAGTGACTAGGG AGGG TAT ATTGTCGTCTCC 

AlaGlyArgArgLeuAlaArgGlySerProProSerValAlaSerSerSerAlaSerGln 
4681 CGGCCGGGCGAAGGTTGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCC 
GCCGGCCCGCTTCCAACCGCTCCCCTAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGG 

LeuSerAlaProSerLeuLysAlaThrCysThrAlaAsnHisAspSerProAspAlaGlu 
4741 AGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCATG ACTCCCCTG ATGCTG 
TCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGTACTGAGGGGACTACGAC 

LeuIleGluAlaAsnLeuLeuTrpArgGlnGluMetGlyGlyAsnlleThrArgValGlu 
4801 AGCTCATAG AGGCCAACCTCCTATGGAGGCAGG AG ATGGGCGGCAACATCACCAGGGTTG 
TCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGGTCCCAAC 

SerGluAsnLysValVallleLeuAspSerPheAspProLeuValAlaGluGluAspGlu 
4861 AGTCAG AAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGAGGAGGACG 
TCAGTCTTTTGTTTCACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGC 
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ArgGluIleSerValProAlaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeu 
4 921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCC 
TCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGG 

ProValTrpAlaArgProAspTyrAsnProProLeuValGluThrTrpLysLysProAsp 
4 981 TGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCG 
ACGGGCAAACCCGCGCCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGC 

TyrGluProProValValHisGlyCysProLeuProProProLysSerProProValPro 
5041 ACTACGAACCACCTGTGGTCCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGC 
TGATGCTTGGTGGACACCAGGTACCGACAGGCGAAGGTGGAGGTTTCAGGGGAGGACACG 

ProProArgLysLysArgThrValValLeuThrGluSerThrLeuSerThrAlaLeuAla 
5101 CTCCGCCTCGGAAG AAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGG 
GAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACC 

GluLeuAlaThrArgSerPheGlySerSerSerThrSerGlylleThrGlyAspAsnThr 
5161 CCGAGCTCGCCACC AGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCG ACAATA 
GGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTAT 

ThrThrSerSerGluProAlaProSerGlyCysProProAsDSerAspAlaGluSerTyr 
5221 CGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCT 
GCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGA 

SerSerMetProProLeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrp 
5281 ATTCCTCCATGCCCCCCCTGG AGGGGGAGCCTGGGGATCCGGATCTTAGCG ACGGGTCAT 
TAAGGAGGTACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTA 

SerThrValSerSerGluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSer 
5341 GGTCAACGGTCAGTAGTGAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACT 
CCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGA 

. TrpThrGlyAlaLeuValThrProCysAlaAlaGluGluGlnLysLeuProIleAsnAla 
5401 CTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGG AAG AACAG AAACTGCCC ATCAATG 
GAACCTGTCCGCGTGAGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTAC 

kaci LeuSerA snSerLeuLeuArgHisHisAsnLeuValTyrSerThrThrSerArgSerAla 
54 61 CACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTG 
GTGATTCGTTGAGCAACGATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCAC 

cc-^ c y sGlnAr 9GlnLysLysValThrPheAspArgLeuGlnValLeuAspSerHisTyrGln 
5521 CTTGCCAAAGGCAG AAGAAAGTCACATTTG ACAGACTGCAAGTTCTGG ACAGCCATTACC 
GAACGGTTTCCGTCTTCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGG 

AspValLeuLysGluValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeuSerVal 
5581 AGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCG 
TCCTGCATGAGTTCCTCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGC 

GluGluAlaCysSerLeuThrProProHisSerAlaLyssSerLysPheGlyTyrGlyAla 
5641 TAGAGGAAGCTTGCAGCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGG 
ATCTCCTTCGAACGTCGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCC 

LysAspValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAsp 
5701 CAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAG 
GTTTTGTGGAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTC" — 

LeuLeuGluAspAsnValThrProIleAspThrThrlleMetAlaLysAsnGluValPhe 
5761 ACCTTCTGGAAGACAATGTAACACCAATAG ACACTACCATCATGGCTAAGAACG AGGTTT 
TGGAAGACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAA 

CysValGlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeu 
5821 TCTGCG TTCAGCCTG AG AAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCG ATC 
AGACGCAAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAG 

GlyValArgValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAla 
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5881 TGGGCGTGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGG 
ACCCGCACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACC 

ValMetGlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuVal 
5941 CCGTGATGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCG 
GGCACTACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGC 



ACGTTCGCACCTTCAGGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGCGACGAAAC 

SerThrValThrGluSerAspIleArgThrGluGluAlalleTyrGlnCysCysAspLeu 
6061 ACTCCACAGTCACTG AGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACC 
TGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGG 

AspProGlnAlaArgValAlalleLysSerLeuThrGluArgLeuTyrValGlyGlyPro 
6121 TCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTGGGGGCC 
Q AGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGG 

LeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyValLeu 
6181 CTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTAC 
GAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGCTCGCCGCATG 

ThrThrSerCysGlyAsnThrLeuThrCysTyrlleLysAlaArgAlaAlaCysArgAla 
6241 TGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAG 
ACTGTTGATCGACACCATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGTCGGACAGCTC 

AlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuValVallleCysGlu 
6301 CCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCG ACGACTTAGTCGTTATCTGTG 
GGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACAC 

SerAlaGlyValGlnGluAspAlaAlaSerLeuArgAlaPheThrGluAlaMetThrArg 
6361 AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCA 
TTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGT 

TyrSerAlaProProGlyAspProProGlnProGluTyrAspLeuGluLeuIleThrSer 
64 21 GGTACTCCGCCCCCCCTGGGG ACCCCCCACAACCAGAATACGACTTGGAGCTCATAACAT 
CCATGAGGCGGGGGGGACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTA 

f c y sSe i"SerAsnValSerValAlaHisAspGlyAlaGlyLysArgValTyrTyrLeuThr 
^ 6481 CATGCTCCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCA 

GTACGAGGAGGTTGCACAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGT 

ArgAspProThrThrProLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProVal 
6541 CCCGTG ACCCTACAACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAG 
GGGCACTGGGATGTTGGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTGAGGTC 

AsnSerTrpLeuGlyAsnllelleMetPheAlaProThrLeuTrpAlaArgMetlleLeu 
6601 TCAATTCCTGGCTAGGCAACATAATCATGTTTGCCCCC ACACTGTGGGCGAGG ATG ATAC 
AGTTAAGGACCGATCCGTTGTATTAGTACAAACGGGGGTGTGACACCCGCTCCTACTATG 

MetThrHisPhePheSerVall^uIleAlaArgAspCJlnLeuGluGlnAlaLeuAspCys 
6661 TGATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGCCCTCGATT 
ACTACTGGGTAAAGAAATCGCAGGAATATCGGTCCCTGGTCGAACTTGTCCGGGAGCTAA 

GluIleTyrGlyAlaCysTyrSerlleGluProLeuAspLeuProProIlelleGlnArg 
6721 GCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAA 
CGCTCTAGATGCCCCGGACGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTT 

Leu 

6781 GACTC 

CTGAG Flu. 3d-7 
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FIG. 33 LEGEND 



Lane 
Number 


Chimp 
Re f erence 
Number 


Infection 
Type 


Sample 
dace (days) 
( O^inoculation 
day) 


ALT (alanine) 
aminotrans f erase 
level in sera) mu/ml) 


I 

7 
3 
4 


1 


NANB 
NANB 
NANB 
NANB 


0 
76 
118 
154 




9 
71 
19 
N/A 


5 
6 
7 
3 




NANB 
NANB 
NANB 
NANB 


0 
21 
73 
138 




5 
52 
13 
N/A 


9 

10 
1 1 
12 


j 


NANB 
NANB 
NANB 
NANB 


0 
4 3 
53 
159 




8 

205 
M 

6 


13 

14 

15 
16 




NANB 
NANB 
NANB 
NANB 


-3 
55 
83 
140 




I I 
132 
N/A 
N/A 


17 
18 
19 
20 


\ 


HAV 
HAV 
HAV 
HAV 


0 
25 
40 
268 




4 

147 
18 
5 


21 
22 
23 
24 


6 
6 
6 
6 


HAV 
HAV 
HAV 
HAV 


-8 
15 
4 I 
129 




N/A 
106 
10 
N/A 


26 
27 
28 
29 


7 
7 
7 
7 


HAV 
HAV 
HAV 
HAV 


0 
22 
1 15 
139 




7 
83 
5 

N/A 


30 
31 
32 
33 


8 
8 
8 

e 


HAV 
HAV 
HAV 
HAV 


0 
26 
74 
205 




15 
I 10 
8 
5 


34 
35 
36 


9 
9 
9 


HBV 
HBV 
HBV 


-290 
379 
435 




N/A 
9 
6 


37 
38 
39 
40 


10 
10 
10 
10 


HBV 
HBV 
HBV 
HBV 


0 

111-118 (pool) 

205 

240 




8 

96-156 (pool) 

9 
13 


4 1 
42 
43 
44 


11 
1 1 
I I 
1 1 


HBV 
HBV 
HBV 
HBV 


0 

28-56 (pool) 
169 
223 




1 1 

8-100 (pool) 
9 
10 
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FIG. 34 LEGEND 

Patient 
Lane Reference 
Number Number Diagnosis ALT Level (mg/ml) 

1 1* NAN 8 . 1354 

2 l 1 NANB 31 

3 2 1 NANB 14 

4 2 l NANB 7 9 

5 2 1 NANB 26 

6 3 l NANB 7 8 

7 3| NANB 8 7 
9 3| NANB 25 
9 4f NANB 60 

10 4* 



H 5 J NANB 

*2 5 1 NANB 

13 6 1 

14 6 1 

15 7l 

16 7 1 

17 8 1 

18 8 1 



20 10 



47 



NANB 13 

298 
101 

NANB 4 74 

NANB 318 
NANB 20 
NANB 16 3 

NANB 4 4 



NANB 50 
J 9 9 NANB N/A 



NANB N/A 

N/A 



21 11 NANB 

22 12 Normal 

23 13 Normal 

24 14 Normal 

26 30174 Normal 

27 30105 Normal 

28 30072 Normal 

29 30026 Normal 

30 30146 Normal 
l\ 30250 Normal 
H 3007 L Normal 

33 15 

34 16 

35 17 

36 18 

11 AcuteHAV . n/a 

47288 AcuteHAV n/A 

? 9 47050 AcuteHAV n/A 

40 <6997 AcuteHAV N/A 

41 19 Convalescent HBV N/A 

42 20 (anti-HBSag+ve; n/A 

4 - 3 - 2_1 anti-HBCag+v_e_) N/A_ 

44 22 (anti-HBSag+ve; N/A 

\l 23 anti-HBCag+ve) N/A 

4 * 24 (anti-HBSag+ve; N/A 

25 anti-HBCag+ve) N/A 

N/A 



N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

AcuteHAV N/A 
AcuteHAV N/A 
AcuteHAV N/A 
AcuteHAV n/A 



48 26 (anti-HBSag+ve; 

49 27 ant i-HBSag+ve) N/A 
Sequential serum samples were assayed from these patients 
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Clal* 1 
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FIG. 36*1 COOH- terminus of SOD-C100 Fusion Polypeptide 

SOD COOH] [--adaptor ] [NANBHpolypeptide> 

AlaCysGlyVallleGlylleAlaGlnAsnLeuGlylleArgAspAlaHisPheLeuSer 
1 GCTTGTGGTGTAATTGGGATCGCCCAGAATTTGGGAATTCGGGATGCCCACTTTCTATCC 
CGAACACCACATTAACCCTAGCGGGTCTTAAACCCTTAAGCCCTACGGGTGAAAGATAGG 

>>>>>>>>>>>>>>>>>>>>> 

GlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAlaTyrGlnAlaThrValCys 
6 1 CAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGC 
GTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACACG 

AlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCysLeuIleArgLeu 
121 GCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTC 
CGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAG 

LysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAlaValGlnAsnGlu 
181 AAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAA 
TTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACTT 

IleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSerAlaAspLeuGlu 
241 ATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAG 
TAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTC 

ValValThrSerThrTrpValLeuValGlyGlyV^ 
301 GTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGC 
CAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAACG 

LeuSerThrGlyCy sValVall leValGlyArgValValLeuSerGlyLys ProAlalle 
361 CTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATC 
GACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAG 

IleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGluCysSerGlnHis 
421 ATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCAC 
TATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTG 

LeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGly 
481 TTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGC 
AATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCG 

LeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaProAlaValGlnThrAsnTrp 
541 CTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGG 
GAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACC 

GlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlylleGlnTyr 
601 CAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATAC 
G1T1TTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCZACCCTATGTTATG 

LeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeuMetAlaPheThr 
661 TTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACA 
AACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGT 

AlaAlaValThrSerProI^uThrThrSerGlnThrLeuLeuPheAsnlleLeuGlyGly 
721 GCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGG 
CGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCCC 

TrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeu 
781 TGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCGCTGGCTTA 
ACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAAT 

AlaGlyAlaAlalleGlySerValGlyLeiiGlyLysValLeuIleAspIleLeuAlaGly 
841 GCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAG ACATCCTTGCAGGG 
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CGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCC 

TyrGlyAlaGlyValMaGlyAlal^uValMaPheLysIleMetSerGlyGluValPro 
901 TATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCC 
ATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGG 

SerThrGluAspI^uValAsnLeuI^uProAlalleLeuSerProGlyAlaLeuValVal 
961 TCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTC 
AGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAG 

GlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAlaValGln 
1021 GGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGTGCAG 
CCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTC 

<<<<<<<<<<<<<<<<<<<<NANBH] [ extra 

TrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSerProValHisHis 
1081 TGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCAGTCCATCAT 
ACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGTCAGGTAGTA 

] 

LysArgOP 

1141 AAGCGTTGACGCTCCCTACGGGTGGACTGTGGAGAGACAGGGCACTGCTAAGGCCCAAAT 
TTCGCAACTGCGAGGGATGCCCACCTGACACCTCTCTGTCCCGTGACGATTCCGGGTTTA 

1201 CTCAGCCATGCATCGAGGGGTACAATCCGTATGGCCAACAACTAGCGCGTACGTAAAGTC 
GAGTCGGTACGTAGCTCCCCATGTTAGGCATACCGGTTGTTGATCGCGCATGCATTTCAG 

1261 TCCTTTCTCGATGGTCCATACCTTAGATGCGTTAGCATTAATCCGAATTC 
AGGAAAGAGCTACCAGGTATGGAATCTACGCAATCGTAATTAGGCTTAAG 



FIG. 36-2 
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FIG. fli 
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FIG. 4I-I 

Homology between the HCV polypeptide encoded by combined ORF of clones 
14 i through 39c) and the non-structural protein of the Dengue flavi- 
virus(MNWVDl) . 



HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 
MNWVD1 

HCV 

MNWVD1 

HCV 
MNWVD1 

HCV 

MNWVD1 

HCV 
MNWVD1 

HCV 

MNWVD1" 
HCV 

MNWVD1 



10 20 30 40 50 

EYVVLLFLLLADARVCSCLWMMLLISQAEAALENLVILNAASLAGTHGLVSFLW 

AVSFVTLITGNMSFRDLXSRVMVMVGATMTD^ 

130 140 150 160 170 180 

60 70 80 90 100 110 

WYLKG KWVPG AVYTFYGMWP T J J J J J ■ ALPQRAYALDTEVAAS CGGWLVG LMALTLS P YY 

TSKELMMTTIGIVLI^QSTIPETILELTDAIJU^MMVL 

190 200 210 220 230 240 

120 130 140 150 160 170 

KR Y I S WCLWWLQYFLTRVEAQLHVWI P PLNVRGG RDAVILLMCAVHP TLVFD I TKLLLAV 
• • • » • » 

NAVII£NAWICySCTIIJWVSVSPIJrLTSSQQKADW^^ 

250 260 270 280 ■ 290 

180 190 200 210 220 230 

FGPLWILQASLLKVPYF-VRVQGLLRF-CALARKMIGGHWQMVIIKLGALTGTYYYNHL 

KKRS WPLNEA IMAVGMVS ILASSLLKNDI PMTG PLVAGGLLTVC YV-LTG RS ADLELERA 
300 310 320 330 340 350 

240 250 260 270 280 290 

TPLRDWAHNGLRDLAVAVEPWFSQMETKLITWGADTAACGDIINGLPVSARRGREILLG 



ADVK-WEDQAEISGSS P ILS ITISE-DGSMS IKNEEEEQTLT ILIRTGLLVISG LFP 

360 370 380 390 400 410 

300 310 320 330 340 350 

PADGMVSKGWRLLAPITAYAQQTRGLLGCIITSLTGRDKNQVEGEVQIVSTAAQTFLATC 

■ * ' • ■ 

VS IP ITAAAWYLWEVTCKQRAGVLWDVPSPPPVGKAELEIX^ 

420 430 440 450 460 470 



360 370 380 390 

INGVCWTVYHGAGTRTIASPKGPVIQMYTNVDQDLV- 



400 410 
-GWPAPQGSRSLTPCTCGSSD 



KEGTFHTMWHVTRGAVLMHKGKRIEPSWADV^ 

480 490 500 510 520 530 

420 430 440 450 460 470 

LYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGIFRAAVCTRGV 



PGKNPRAVQTKPGI^KTN-^ 

540 550 560 570 580 590 

480 490 500 510 520 530 

AKAVDF I P VENLETTMRS P VFTDNSS P P WPQS FQVAHLHAP TGSGKS — TKVPAAYAAQ 

* . . . . : • • • 

• • •••• • • • •■• • • • • • •••*•• « » m > 

AYVSAIAQTEK — SIEDNPEIEDDIFRK RKLTII IDLHPG AGKTKR YLP A I VRG AI KR 

600 610 620 630 640 



540 



550 



560 



570 



580 
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G 



C 



HCV GYKVLVLNPS — VAATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFLADGGC 

MNWVD1 GLRTLILAPTRVviJvE^ 

650 660 670 680 690 700 

590 600 610 620 630 640 

HCV SGGAYDIIICDECHSTDATSII£IGTVII)QAETA^^ 

.X..:: :: : . : - :. ::::::: . : :~V. 

MNWVD1 RVPNYNLIIMDEAHFTDPASIAARGYISTRVE-MGEAAGIFMTATPPGSRD-PFPQSNAP 
710 720 730 740 750 760 

650 660 670 680 690 700 

HCV ALSTTGEIPFYGKAIPLEIVIKGGRHLIFCHSKKKCDELAAKLVALGINAVAYYRGLDVSV 

MNWVD1 IMDEEREIPERSWSSGHEWVTDFKGKTVWF^ 

770 780 790 800 810 820 

710 720 730 740 750 760 

HCV I P TSGDVVWATDALMTG YTGDFDSVIIX3NTCVTQTVDFSLDPTFT IET I TLPQDAVS RT 

MNWVD1 SEYVKTRTNDWNFVVTTDISEMGAN^ 

830 840 850 860 870 880 

770 780 790 800 810 820 

HCV QRRGRTGRGKPG IYRFVAPGERPSGMFDSSVLCECYDAGCAWYELTPAETTVRLRAYMNT 

MNWVD1 SS 



FIG. 41-2 
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FIG. 43 

DISTRIBUTION OF RANDOM SAMPLES 

C 100-3 Ag ELISA Preclinical Kit 
416ng C100/WELL, 2 HRS 37°C, 20ul SAMPLE 
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FIG. 44 

Distribution of O.D> Values for 
Random Blood Donor Samples Tested with Two ELISA 

Configurations 

C 100-3 Ag ELISA MoAB vs Polyclonal 
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FIG. 45 



Name Common Sequence Variable Sequence 



5 ' - 3 - 1 AAGCTTGATCGAATTC CGATCTTGC 

-2 CGATCCTGC 

-3 CGATCATGC 

-4 CGATCGTGC 

-5 CGAAGTTGC 

-6 CGAAGCTGC 

-7 AGATCTTGC 

-8 AGATCCTGC 

-9 AGATCATGC 

-10 AGATCGTGC 

- 1 1 AGAAGTTGC 

-12 AGAAGCTGC 

-13 CGATCTTGT 

-14 CGATCCTGT 

-15 CGATCATGT 

-16 • CGATCGTGT 

-17 CGAAGTTGT 

- 1 8 CGAAGCTGT 

-19 AGATCTTGT 

-20 AGATCCTGT 

-21 AGATCATGT 

-22 AGATCGTGT 

-23 AGAAGTTGT 

-24 AGAAGCTGT 

-25 CGCTCTTGC 

-26 CGCTCCTGC 

-27 CGCTCATGC 

-28 CGCTCGTGC 

-29 CGCAGTTGC 

-30 CGCAGCTGC 

-31 CGCTCTTGT 

-32 GGCTCCTGT 

-33 CGCTCATGT 

-34 CGCTCGTGT 

-35 CGCAGTTGT 

-36. CGCAGCTGT 
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FIG. 46 "I Translation of DMA k9-l 

GlyCysPrcGIuArgLeuAlaSerCysArgProLeuThrAsoPheAscGlnGlyTrpGly 
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrAlaAsnGlySerGlyProAsDGlnArgProTyrCysTrpHisTyrPro 
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

ProLysProCysGlylleValProAlaLysSerValCysGlyProValTyrCysPheThr 
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA 
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAAGT 

ProSerProValValValGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly 
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC 

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTrpPhe 
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA 

GlyCysTturTrpMetAsnSerThrGlyPheThrLysValCysGlyAlaProProCysVal 
301 TCGGTTGTACCTGG ATG AACTC AACTGGATTCACCAAAGTGTGCGG AGCGCCTCCTTGTG 
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAsoCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyProTrpIleThrProArgCysLeuValAsp 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 



TyrProTyrArgLeuTrpHisTyrProCysThrlleAsnTyrThrllePheLysIleArg 
481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACTATATTTAAAATCA 

TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT * 



MetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu 
541 GGATGTACGTGGG AGGGGTCG AGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC 



ArgCysAspLeuGluAspArgAspArgSerGluLeuSerProLeuLeuLeuThrThrThr 
601 AACGTTGCGATCTGG AAGATAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACC\CTA 
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT 



GlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeuSerThrGlyLeuIle 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGAACAGGTGGCCGGAGT 

Overlap with Combined ORF of DNAs 12f through 15e 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG 
AGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGC 



SerTrpAlalleLysTrpGluTyrValValLeuLeuPheLeuLeuLeuAlaAspAlaArg 
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCGTCCTCCTGTTCCTTCTGCTTGCAGACGCGC 
GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCG 
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VaLCysSerCysLeuTrpMetMetLeuLeuIleSerGInAlaGluAlaAlaLeuGluAsn 
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAAGCGGCTTTGGAGA 
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT 



LeuVallleLeuAsnAiaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal 
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG 
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 



PhePheCysPheAlaTrpTyrLeuLysGlyLysTrpValProGlyAlaValTyrThrPhe 
961 TGTTCTTCTGCTTTGCATGGTATCTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT 
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA 



TyrGlyMetTrpProLeiiLeuLeuLeuLeuLeuAlaLeuPrcGlnArgAlaTyrAlaLeu 
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 

AspThrGluValAlaAlaSerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThr 
1081 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTAA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT 



LeuSerProTyrTyrLysArgTyrlleSerTrpCysLeuTrpTrDLeuGlnTyrPheLeu 
1141 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC 
GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG 

ThrArgValGluAlaGlnLeuHisValTrpIleProProLeuAsnValArgGlyGlyArg 

C1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC 
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG 



AspAlaVallleLeuLeuMetCysAlaValHisProThrLeuValPheAsDlleThrLys 
1261 GCGACGCTGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA 
CGCTGCGACAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT 



LeuLeuLeuAlaValPheGlyProLeuTrpIleLeuGlnAla 
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC 



FIG. 46-2 
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FIG. 47- I COMBINED CRT CF DMAs K9-1 through 15e 
CTCCGACAGGACTCTC^S^ 




121 



181 



241 



301 



eThrLysValCysGlyAlaProProCvsVal 

36i TcS£S£g£gg»j»^ 




721 TcS^SSS^^S*S=S 




781 



841 




ZCGAAACCTCT 

TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGC 
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PhePheCvsPheAlaTrpTvrLeuLvsGlvLvsTrpValProGlyAlaValTyrThrPhe 
961 TGTTCTTCTGCTTTGCATGGTATTTG AAGGGTAAGTGGGTGCCCGG AGCGGTCTACACCT 
ACAAGAAGACGAAACGTACC^.TAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA 

TyrGlyMetTrpProLeuLeuLeuLeuLeuLeuAlaLeuProGlnArgAlaTyrAlaLeu 
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG 

AspThrGluValAlaAlaSerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThr 
1081 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACT 

LeuSerProTyrTyrLysArgTyrlleSerTrpCysLeuTrpTrpLeuGlnTyrPheLeu 
1141 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC 
GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG 

ThrArgValGluAlaGlnLeuHisValTrpIleProProLeuAsnValArgGlyGlyArg 
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC 
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG 

AspAlaVallleLeuLeuMetCysAlaValHisProThrLeuyalPheAsoIleThrLys 
1261 GCGACGCCGTCATCTTACTC^TGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA 
CGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT 

LeuLeuLeuAlaValPheGlyProLeuTrDlleLeuGlnAlaSerLeuLeuLysValPro 
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTAC 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATG 

TyrPheValArgValGlnGlyLeuLeuArgPheCysAlaLeuAlaArgLysMetlleGly 
1381 CCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCG 
GGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGC 

GlyHisTyrValGlnMetValllelleLysLeuGlyAlaLeuThrGlyThrTyrValTyr 
1441 GAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTT 
CTCCGGTAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAA 

AsnHisLeuTlorProLeuArgAspTrpAlaHisAsnGlyLeuArgAspLeuAlaValAla 
1501 ATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTGG 
TATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACC ' 

ValGluProValValPheSerGlnMetGluThrLysLeuIleThrTrpGlyAlaAsDThr 
1561 CTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATA 
GACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTAT 

AlaAlaCysGlyAspIlelleAsnGlyLeuProValSerAlaArgArgGlyArgGluIle 
1621 CCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAG A 
GGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCT 

LeuLeuGlyProAlaAspGlyMetValSerLysGlyTrpArgLeuLeuAlaProIleThr 
1681 TACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCCCATCA 
ATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCAACGACCGCGGGTAGT 

AlaTyrAlaGlnGlnThrArgGlyLeuLeuGlyCysIlelleThrSerLeuThrGlyArg 
1741 CGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCC 
GCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGTGGTCGGATTGACCGG 

AspLysAsnGlnValGluGlyGluValGlnlleValSerThrAlaAlaGlnThrPheLeu 
1801 GGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGTCAACTGCTGCCCAAACCTTCC 
CCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGACGACGGGTTTGGAAGG 

AlaThrCysIleAsnGlyValCysTrpThrValTyrHisGlyAlaGlyThrArgThrlle 
1861 TGGCAACGTGCATCAATGGGGTGTGCTGGACTGTCTACCACGGGGCCGGAACGAGGACCA 
ACCGTTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTCCTGGT 

AlaSerProLysGlyProVallleGlnMetTyrThrAsnValAspGlnAspLeuValGly 
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1921 TCGCGTCACCC.-^GGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGG 
AGCGCAGTGGGTTCCCAGGACAGTAGGTCTACATATGGTTACATCTGGTTCTGGAACACC 

TrpProAlaPrcGlnGlySerArgSerLeuThrProCysThrCysGlySerSerAspLeu 
1981 GCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGACC 
CGACCGGGCGAGGCGTTCCMCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGG 

TyrLeuValThrArgHisAlaAspVallleProValArgArgArgGlyAspSerArgGly 
2041 TTTACCTGGTC^CGAGGCACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGCAGGG 
AAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCC 

SerLeuLeuSerProArgProIleSerTyrLeuLysGlySexSerGlyGlyProLeuLeu 
2101 GCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGCTGT 
CGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACA 

CysProAlaGlyHisAlaVaLGlyllePheArgAlaAlaValCysThrArgGlyValAla 
2161- TGTGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGG 
ACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACC 

LysAlaValAspPhelleProValGluAsnLeuGluThrThrMetArgSerProValPhe 
2221 CTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGT 
GATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACA 

ThrAspAsnSerSerProProValValProGlnSerPheGlnValAlaHisLeuHisAla 
2281 TCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATG 
AGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTAC 

ProThrGlySerGlyLysSerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLys 
2341 CTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATA 
GAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATAT 

ValLeuValLeuAsnProSerValAlaAlaThxLeuGlyPheGlyAlaTyrMetSerLys 
2401 AGGTGCTAGTACTCAAC.CCCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCA 
TCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGT 

AlaHisGlylleAspProAsnlleArgThrGlyValArgThrlleTlirThrGlySerPro 
2461 AGGCTC ATGGG ATCG ATCCTAACATCAGG ACCGGGGTG AG AACAATTACC ACTGGCAGCC 
TCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGG 

IleThrTyrSerThrTyrGlyLysPheLeuAiaAspGlyGlyCysSerGlyGlyAlaTyr 
2521 CCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGGGGGCGCTT 
GGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAA 

AspIlellelleCysAspGluCysHisSerThrAspAlaThrSerlleLeuGlylleGly 
2581 ATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCG 
TACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGC 

ThrValLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValValLeuAlaThrAlaThr 
2641 GCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCA 
CGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGGT 

ProProGlySerValThrValProHisProAsnlleGluGluVaLAlaLeuSerThrThr 
2701 CCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCA 
GGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGT 

GlyGluIleProPheTyrGlyLysAlalleProLeuGluVallleLysGlyGlyArgHis 
2761 CCGGAGAGATCCCTTTTTACGG.CAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAC 
GGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTG 

LeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAlaLysLeuValAlaLeu 
2821 ATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCAT 
TAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTA 

GlylleAsnAlaValAlaTyrTyrArgGlyLeuAspValSerVallleProThrSerGly 
2881 TGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTG ACGTGTCCGTCATCCCG ACCAGCG 
ACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGC 
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AspVaiyalValValAlaThrAsDAlaLeuiMetThrGlvTvrThrGlyAspPheAsoSer 
2941 GCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACT 
CGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGA 

VallleAspCysAsnThrCysValThrGlnThrValAsDPheSerLeuAspProThrPhe 
3001 CGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTC^GCCTTGACCCTACCT 
GCCACTATCTGACGTTATGCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGA 

ThrlleGluThrlleThrLeuProGlnAsDAlaValSerArgThrGlnArgArgGlyArg 
3061 TCACCATTG AG ACAATCACGCTCCCCCAGG ATGCTGTCTCCCGOSlCTCAACGTCGGGGCA 
AGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGT 

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSerGly 
3121 GGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCG 
CCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGC 

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu 
3181 GCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGC 
CGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCG 

ThrProAlaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuProVal 
3241 TCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCG 
AGTGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGC 

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAsoAla 
3301 TGTGCC AGGACCATCTTGAATTTTGGG AGGGCGTCTTTACAGGCCTCACTOVTATAGATG 
ACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTAC 

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuValAlaTyrGln 
3361 CCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACC 
GGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGG 

AlaThrValCysAlaArgAlaGlnAlaProProProSerTrDAspGlnMetTrpLysCys 
3421 AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGT 
TTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCA 

LeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla 
34 81 GTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCG 
CAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGC 

ValGlnAsnGluIleThrLeuThrHisProValThrLysTyrlleMetThrCysMetSer 
3541 CTGTTCAG AATGAAATCACCCTG ACGCACCCAGTCACCAAATACATCATG ACATGCATGT 
GACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACA 

AlaAspLeuGluValValThrSerThrTrpValLeuValGlyGlyValLeuAlaAlaLeu 
3601 CGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTT 
GCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAA 

AlaAlaTyrCysLeuSerThrGlyCysValVallleValGlyArgValValLeuSerGly 
3661 TGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCG 
ACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGC 

LysProAlallelleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGlu 
^3721 GGAAGCGjGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAG_ ___ 
CCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTC 

CysSerGlnHisLeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPheLysGln 
3781 AGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGC 
TCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCG 

LysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaProAlaVal 
3 841 AGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTG 
TCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGAC 

GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSer 
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3901 TCCAGACCAACTGGC AAAAAC7CG AG ACCTTCTGGGCG AAGCATATGTGG AACTTCATCA 
AGGTCTGGT1GACCGTTTTTGAGCTCTGGAAGACCCGGXTCGTATACACCTTGAAGTAGT 

GlylleGlnTyrLeuAlaGlyLeuSerThrLeuPrcGlyAsnProAlalleAlaSerLeu 
3961 GTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCAT 
CACCCTATGTTATGAACCGCCCGAAC\GTTGCGACGGACCATTGGGGCGGTAACGAAGTA 

MetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGlnThrLeuLeuPheAsn 
4021 TGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCA 
ACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGT 

IleLeuGlyGlyTrpValAiaAlaGlnLeuAlaAiaProGlyAlaAlaThrAIaPheVal 
4081 ACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTG 
TGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAAC 

GlyAlaGlyLeuAlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAsp 
4141 TGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAG 
ACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATC 

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSer 
4201 ACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGA 
TGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACT 

GlyGluValProSerThrGluAspLeuValAsnLeuLeuProAlalleLeuSerProGly 
4261 GCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCG 
CGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGC 

AlaLeuValValGlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGlu 
4321 GAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCG 
CTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGC 

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAsnHisValSer 
4381 AGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTT 
TCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAA 

ProThrHisTyrValPrcGluSerAspAlaAlaAlaArgValThrAlalleLeuSerSer 
4441 CCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCA 
GGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGT 

LeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThr 
4501 GCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCA 
CGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGT 

ProCysSerGlySerTrpLeuArgAst>IleTrpAspTrpIleCysGluValLeuSerAsp 
4561 CTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGG ACTGGATATGCGAGGTGTTG AGCG 
GAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGC 

PheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlylleProPheValSer 
4621 ACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGT 
TGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACA 

CysGlnArgGlyTyrLysGlyValTrpArgValAspGlylleMetHisThrArgCysHis 
4681 CCTGCCAGCGCGGGTATAAGGGGGTCTGGCG AGTGG ACGGCATCATGCACACTCGCTGCC 
GGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGG 

CysGlyAlaGluIleThrGlyHisVaiLysAsnGlyThrMetArglleValGlyProArg 
4741 ACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTA 
TGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGAT 

ThrCysAxgAsnMetTrpSerGlyThrPheProIleAsnAlaTyrThrThrGlyProCys 
4801 GGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCT 
CCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGA 

ThrProLeuProAlaProAsnTyrThrPheAlaLeuTrpArgValSerAlaGluGluTyr 
4861 GTACCCCCCTTCCTGCGCCG AACTACACGTTCGCGCTATGG AGGGTGTCTGCAG AGGAAT 
CATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTA 
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ValGluIleArgGlr^/alGlvAspPheHisTyrValThrGlyMetThrThrAspAsnLeu 
4 921 ATG TG G AG AT AAG G C AGG TG GG G G AC TTCC AC TACGTG AC GGGT ATG ACT AC TGACAATC 
TACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAG 

LysCysProCysGlnValProSerProGluPhePheThrGluLeuAspGlyVaiArgLeu 
4981 TCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGCC 
AGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGG 

HisArgPheAlaProProCysLysProLeuLeuArgGluGluValSerPheArgValGly 
5041 TACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAG 
ATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATC 

LeuHisGluTyrProValGlySerGlnLeuProCysGluProGluProAspValAlaVal 
5101 GACTCCACGAATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCG 
CTGAGGTGCTTATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGC 

LeuThrSerMetLeuThrAspProSerHisIleThrAlaGluAlaAlaGlyArgArgLeu 
5161 TGTTGACGTCCATGCTC=lCTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGT 
ACAACTGCAGGTACGAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCA 

( AlaArgGlySerProProSerValAlaSerSerSerAlaSerGlnLeuSerAlaProSer 
V 5221 TGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCAT 

ACCGCTCCCCTAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTA 

LeuLysAlaThrCysThrAlaAsnHisAspSerProAspAlaGluLeuIleGluAlaAsn 
5281 CTCTCAAGGCAACTTGCACCGCTAACC ATG ACTCCCCTG ATGCTG AGCTCATAG AGGCCA 
GAGAGTTCCGTTGAACGTGGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGT 

LeuLeuTrpArgGlnGluMetGlyGlyAsnlleThrArgValGluSerGluAsnLysVal 
5341 ACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCAGGGTTGAGTCAGAAAACAAAG 
TGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCTTTTGTTTC 

VallleLeuAspSerPheAspProLeuValAlaGluGluAspGluArgGluIleSerVal 
5401 TGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCG 
ACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGC 

ProAlaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeuProValTrpAlaArg 
5461 TACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCCTGCCCGTTTGGGCGC 
ATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCG 



c 



ProAspTvrAsnProProLeuValGluThrTrpLysLysProAspTyrGluProProVal 
5521 GGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTG 
CCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGCTGATGCTTGGTGGAC 

ValHisGlyCysProLeuProProProLysSerProProValProProProArgLysLys 
5581 TGGTCCATGGCTGTCCGCTTCC ACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGA 
ACCAGGTACCGACAGGCGAAGGTGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCT 

ArgThrValValLeuThrGluSerThrLeuSerThrAlaLeuAlaGluLeuAlaThrArg 
5641 AGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCGCCACCA 
TCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGT 

SerPheGlySerSerSerThrSerGlylleThrGlyAspAsnThrThrThrSerSerGlu 
5701 GAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTG 
CTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGAC 

ProAlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSerMetProPro 
5761 AGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCC 
TCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGG 

LeuGluGlyGluProGlyAspProAsDLeuSerAspGlySerTrpSerThrValSerSer 
5821 CCCTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTA 
GGGACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCAT 

GluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSerTrpThrGlyAlaLeu 
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5381 GTGAGGCCAACGCGGAGGATGTCG7GTGC7GCTCAA7GTC7TACTCTTGGAGAGGCGCAC 
CACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGAGAACCTGTCCGCGTG 

ValThrProCysAlaAlaGluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeu 
5941 TCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGT 
AGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTACGTGATTCGTTGAGCA 

LeuArgHisHisAsnLeuValTyrSerThrThrSerArgSerAlaCysGlnArgGlnLys 
6001 TGCTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGA 
ACGATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCT 

LysValThrPheAspArgLeuGlnValLeuAsDSerHisTyrGinAsDValLeuLysGIu 
6061 AGAAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGG 
TCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCC 

ValLysAlaAlaAlaSerLysValLysAlaAsnLeuLeuSerValGluGluAlaCysSex 
6121 AGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCA 
TCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAACGT 

LeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAlaLysAspValArgCys 
f t 6181 GCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTT 

V ' CGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTCTGCAGGCAA 

HisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuLeuGluAspAsn 
6241 GCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTCTGGAAGACA 
CGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAGACCTTCTGT 

ValThrProIleAspThrThrlleMetAlaLvsAsnGluValPheCysValGlnProGlu 
6301 ATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCGTTCAGCCTG ■ 
TACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGAC 

LysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyValArgValCys 
6361 AGAAGGGQGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCG ATCTGGGCGTGCGCGTGT 
TCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACGCGCACA 

GluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAlaValMetGlySerSer 
6421 GCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCT 
CGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCGA 

TyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnAlaTrpLysSer 
6481 CCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGGAAGCGTGGAAGT 
GGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTCGCACCTTCA 

LysLysThrProMetGlyPheSerTyrAspThrArgCysPheAspSerThrValThrGlu 
6541 CCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCACAGTCACTG 
GGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGTGTCAGTGAC 

SerAspIleArgThrGluGluAlalleTyrGlnCysCysAspLeuAspProGlnAlaArg 
6601 AGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGCCC 
TCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGGAGCTGGGGGTTCGGG 

ValAlalleLysSerLeuThrGluArgLeuTyrValGlyGlyProLeuThrAsnSerArg 
6661 GCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTCTTACCAATTCAA 
CGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTT 

GlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyValLeuThrThrSerCysGly 
6721 GGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTG 
CCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGCTCGCCGCATGACTGTTGATCGACAC 

AsnThrLeuThrCysTyrlleLysAlaArgAlaAlaCysArgAlaAlaGlyLeuGlnAsp 
6781 GTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCTCCAGG 
CATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGTCGGACAGCTCGGCGTCCCGAGGTCC 

CysThrMetLeuValCysGlyAspAspLeuValVallleCysGluSerAlaGlyValGln 
6841 ACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTCC 
TGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAGG 
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GluAspAlaAlaSerLeuArgAlaPheThrGluAlaMetThrArgTyrSerAlaProPro 
6901 AGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCCC 
TCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGGGGGG 

GlyAspProProGlnProGluTyrAspLeuGluLeuIleThrSerCysSerSerAsnVal 
6961 CTGGGG ACCCCCCACAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTCCAACG 
GACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTAGTACGAGGAGGTTGC 

SerValAlaHisAspGlyAlaGlyLysArgValTyrTyrl^uThrAxgAsDProThrThr 
7021 TGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAA 
ACAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTT 

ProLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeuGly 
7081 CCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAG 
GGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATC 

AsnllelleMetPheAlaProThrLeuTrpAlaArgMetlleLeuMetThrHisPhePhe 
7141 GCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCT 
CGTTGTATTAGTACAAACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGA 

SerValLeuIleAlaArgAspGlnLeuGluGlnAlaLexiAspCysGluIleTyrGlyAla 
7201 TTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGG 
AATCGCAGGAATATCGGTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCC 

CysTyrSerlleGluProLeuAspLeuProProIlelleGlnArgLeu 
7261 CCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAAGACTC 
GGACGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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